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ABSTRACT
P ro d u c t d i s t r i b u t i o n  d a ta  f o r  s o lv o ly s e s  o f  c i s -  and t r a n s -  
2-m e th o x y c y c lo o c ty l £ - to lu e n e s u l f o n a te s  ( t o s y l a t e s )  In  80$  aqueous 
e th a n o l and g l a c i a l  a c e t i c  a c id  s o lv e n ts  have been  o b ta in e d . The 
p ro d u c t m ix tu re s  from  aqueous e th a n o l s o lv o ly s e s  c o n ta in e d  su b s ta n ­
t i a l  am ounts o f  b o th  norm al and t r a n s a n n u la r  p ro d u c ts ,  w hereas th e  
p ro d u c t m ix tu re s  from  a c e t i c  a c id  s o lv o ly s e s  c o n ta in e d  a lm o st e x c lu ­
s iv e ly  t r a n s a n n u la r  p ro d u c ts .
The p ro d u c t d a ta  show a d e f i n i t e  dependence upon th e  con­
f ig u r a t i o n  o f th e  t o s y l a t e .  S o lv o ly s is  o f  th e  c i s - t o s y l a t e  p roduces 
c y c lo h e p ta n ec a rb o x a ld eh y d e  a s  th e  m ajo r c a rb o n y l p ro d u c t ,  and 5- 
m eth o x ycyclooctene  as  th e  m ajo r o l e f i n i c  p ro d u c t. S o lv o ly s is  o f  th e  
t r a n s - t o s y l a t e  p roduces c y c lo o c tan o n e  as  th e  m ajo r c a rb o n y l p ro d u c t 
and ^ -m eth o x y cy c lo o cten e  a s  th e  m ajo r o l e f i n i c  p ro d u c t.
S o lv e n t a t t a c k  on th e  m ethy l o f  th e  methoxy group i s  p ro ­
posed f o r  th e  fo rm a tio n  o f  c a rb o n y l p ro d u c ts ,  o f  b i c y c l i c  e t h e r ,  an d , 
i n  th e  a c e t i c  a c id  p ro d u c t m ix tu re s ,  o f  m ethy l a c e t a t e .
Added l i th iu m  p e r c h lo r a te  d id  n o t a f f e c t  p ro d u c t d i s t r i b u ­
t io n s  in  80$ e th a n o l  s o lv o ly s e s ,  b u t i t  d r a s t i c a l l y  changed p ro d u c t 
c o m p o sitio n  i n  g l a c i a l  a c e t i c  a c id  s o lv o ly s e s .  The e f f e c t  o f  l i th iu m  
p e r c h lo r a te  upon s o lv o ly s i s  p ro d u c ts  o f  c i s -  and t r a n s - t o s y l a t e s  in  
a c e t i c  a c id  was i n t e r p r e te d  i n  term s o f  in t im a te  and s o lv e n t  s e p a ra te d  
norm al (u n re a rra n g e d )  and t r a n s a n n u la r ly  re a rra n g e d  io n - p a i r s .
CHAPTER I  
INTRODUCTION
A. G en era l D e s c r ip t io n  o f Medium Ring Compounds
The p a u c i ty  o f  r e s e a rc h  on 1 ,2 - d i s u b s t i t u t e d  medium r in g  
compounds h as  b een  th e  m ain i n s p i r a t i o n  f o r  th e  p r o je c t  d e sc r ib e d  
h e r e in .  F o r many y e a r s  medium r in g  compounds w ere n o t r e a d i ly  a v a i l ­
a b le  f o r  s tu d y  b e ca u se  f r u i t f u l  s y n th e t ic  p ro c e d u re s  f o r  o b ta in in g  
them  d id  n o t e x i s t .  Only i n  r e c e n t  y e a rs  have s a t i s f a c t o r y  p ro ced u res  
been  dev elo p ed  f o r  s y n th e s is  o f  medium r in g  compounds. C ra ig  sum m arizes 
some o f  th e  more s u c c e s s fu l  s y n th e t ic  m ethods u sed  in  medium r in g  syn­
t h e s i s  in  a  com prehensive rev iew  o f  th e  eight-m em bered  c a rb o c y c le s .  1 
The p u rp o se  o f  th e  p re s e n t  r e s e a rc h  s tu d y  was to  s y n th e s iz e  c i s -  and 
t r a n s - 2-m e th o x y c y c lo o c ty l j j - to lu e n e s u l f o n a te s  ( 2-m e th o x y cy c lo o c ty l 
t o s y l a t e s ) ,  JLc and ^ l t ,  and to  a s s e s s  th e  e f f e c t  o f  th e  n e ig h b o rin g  
methoxy group on th e  carbonium  i o n - l i k e  r e a c t io n s  o f  th e s e  c y c lo o c ta n e  
d e r i v a t i v e s .
The a l t e r a t i o n  o f  p ro d u c t d i s t r i b u t i o n  o c c u r r in g  upon a d d i t io n  o f  
sm a ll amounts Of l i th iu m  p e r c h lo r a te  was exam ined. O b se rv a tio n s  have 
been  c o r r e l a t e d  w ith  e s t a b l i s h e d  phenomena w herever p o s s ib le .
G enera l i n t e r e s t  I n  medium r in g  (8 -11  c a rb o n s)  compounds was 
s t im u la te d  by th e  in d ep en d en t and a lm o st s im u lta n eo u s  r e p o r t s  in  195^
lc I t Ts
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by Cope2 In  t h i s  c o u n try  and by P re lo g 3 i n  S w itz e r la n d  o f  t r a n s a n n u la r  
(a c ro s s  r in g )  re a rra n g em e n ts  o c c u r r in g  i n  r e a c t io n s ,  p resum ably  c a r -  
bonium i o n - l i k e ,  In  th e  e ig h t  and te n  membered r in g  sy s te m s . Both 
Cope and P re lo g  found t h a t  1 ,5 -  o r  1 , 5-h y d r id e  s h i f t s  to  in t r a m o le c u la r  
c a t i o n ic  c e n te r s  a r e  q u i te  f a c i l e  and can  acco u n t f o r  many p ro d u c ts  
formed in  th e  r e a c t io n s  o f  th e  compounds s tu d ie d .  Scheme I  (page 2) 
i l l u s t r a t e s  th e  r e a c t io n  o f  c i s -c y c lo o c te n e  w ith  pero x y fo rm ic  a c i d . 2 
Scheme I I  i l l u s t r a t e s  th e  mode o f  p ro d u c t fo rm a tio n  from  th e  in te rm e ­








HEATS OF COMBUSTION PER CH2 AND TOTAL STRAIN FOR CYCLOALKANES
n AH/n
T o ta l  S t r a in  
n*(AHc/n -  157 .*0 
k c a l/m o le
5 158 .7 6 .5
6 1 5 7 .^ 0
7 158.3 6 .3
8 158.6 9 -6
9 158 .8 12 .6
10 158 .6 12.0
11 158 . it. 11.0
12 157 .7 3 -6
13 157.8 5 .2
l k 157. h 0
15 157 .5 1 .5
16 157 .5 1 .6
IT 157 .2 - 3 .4
4
T ra n s a n n u la r  p ro d u c ts  r e s u l t  from  b o th  s o lv e n t  a t t a c k  on C-5  ( o r  C-7 
I f  s h i f t  o c c u rs  from  t h i s  p o s i t i o n )  and in t r a m o le c u la r  a t t a c k  on  C-5 
( o r  C -7) by oxygen .
The o r i g i n  o f  th e  s p e c i a l  p r o p e r t i e s  o f  medium r in g  compounds 
i s  l a r g e l y  s t e r i c  i n  n a tu r e .  I n  c o n t r a s t  to  th e  six-m em bered r i n g ,  
th e  medium r in g s  e x h ib i t  c o n s id e r a b le  ground  s t a t e  s t r a i n .  C a re fu l  
g a s -p h a s e  c o m b u stio n  s tu d ie s  by van  Kamp and C oops4 on C ^ C ^  c y c lo -  
a lk a n e s  have  shown t h a t  th e  medium r i n g  c y c lo a lk a n e s , com pared w ith  
norm al a lk a n e s  and c y c lo h e x a n e , p o s s e s s  c o n s id e r a b le  th e rm o ch em ica l 
s t r a i n ,  w hich  re a c h e s  a  maximum o f  a b o u t 12 k l l o c a l o r i e s  p e r  m ole i n  
cy c lo n o n an e  and c y c lo d e c an e  (T a b le  I ,  page  5) .
H ea ts  o f  h y d ro g e n a tio n  o f  th e  C6-C^o c y c lo a lk e n e s  (T ab le  l l )  
a l s o  r e f l e c t  g round  s t a t e  s t r a i n  in  medium r i n g  c y c lo a lk a n e s . 3 *6
TABLE I I
HEATS OF HYDROGENATION OF CYCLOALKENES5 ’6 IN ACETIC ACID
-AH (2 5 °  C) k c a l/m o le  
C v c lo a lk e n e  c i s  t r a n s
C yclohexene 27 .1 0
C y c lo h ep te n e  25*85
C y c lo o c te n e  2 2 .9 8  3 2 .2 b
C yclononene 2 5 .6 2  2 6 .4 9
C y clo d ecen e  2 0 .6 7  2 4 .0 1
The ty p e s  o f  s t r a i n  c h a r a c t e r i s t i c  o f  medium r in g s  a r e  due 
to  ( l )  d e v ia t io n  o f  th e  v a le n c e  a n g le  o f  th e  r in g  atom s from  th e  o p tim a l 
v a lu e  (a n g le  o r  B ayer s t r a i n ) , (2 )  e c l i p s i n g  i n t e r a c t i o n  o f  a tom s i n  
th e  1 ,2  o r  v i c i n a l  p o s i t i o n s  ( F i t z e r  s t r a i n )  and ( 5 ) s t e r i c  i n t e r f e r ­
en ce  b e tw een  n o n -a d ja c e n t  atom s w hich  r e s u l t s  i n  " t r a n s a n n u la r "  s t r a i n . 7
X -ray  s tu d ie s  by D u n itz  and c o -w o rk e rs  on d e r iv a t iv e s  o f  
th e  C9 , C1Q an ^ C12 c y c lo a lk a n e s  p ro v id e d  in fo rm a t io n  a b o u t th e  con­
fo rm a tio n s  o f  th e  compounds s tu d ie d  in  th e  s o l id  s t a t e . 8 S in ce  th e  
p o s i t io n s  o f  hyd ro g en s a r e  n o t  d i r e c t l y  d e te rm in e d  by X -ray  m easu re ­
m e n ts , th e r e  was no d i r e c t  p h y s ic a l  e v id e n c e  f o r  t r a n s a n n u la r  s t r a i n .  
However, c a l c u l a t i o n s  b a se d  on th e  p o s i t i o n s  o f  th e  c a rb o n  atom s (a s  
d e te rm in e d  by X -ray  s tu d i e s )  i n d i c a t e  t h a t  c e r t a i n  h y d ro g en s i n  th e  
1 )3 ) I j l - )  and 1 ,5  p o s i t io n s  m ust be v e ry  c lo s e  to  each  o th e r .
X -ray  c r y s t a l l o g r a p h i c  s tu d ie s  on d e r iv a t iv e s  o f  c y c lo o c ta n e  
have  in d ic a te d  t h a t  th e  r in g  a d o p ts  a  s t r e t c h e d  crown c o n fo rm a tio n . 9
w
Crown S tr e tc h e d  Crown
One o f  th e  m a jo r f e a tu r e s  o f  su ch  a  s t r u c t u r e  i s  th e  p re s e n c e  o f  s e v e r a l  
c o n fo rm a tio n a l ly  d i f f e r e n t  p o s i t i o n s . 10 Seem ingly  th e r e  a r e  th r e e  d i f ­
f e r e n t  a x i a l - l i k e  p o s i t i o n s  and th r e e  d i f f e r e n t  e q u a t o r i a l - l i k e  p o s i ­
t i o n s ,  m aking c o n fo rm a tio n a l a n a ly s i s  o f  th e  c y c lo o c ta n e  sy stem  much 
more c o m p lic a te d  th a n  t h a t  o f  th e  e x te n s iv e ly  s tu d ie d  cy c lo h e x a n e  s y s ­
tem . E x te n s io n  o f  th e  W in s te in -H o ln e s s  t r e a tm e n t11 (_ i.,e ., " lo c k in g "  
th e  c o n fo rm a tio n  w ith  a  b u lk y  s u b s t i t u e n t )  o f  th e  cy c lo h e x a n e  r in g  
sy stem  to  th e  c y c lo o c ta n e  sy stem  h as  b e en  c o n s id e re d  in a p p l i c a b le  on 
th e  grounds t h a t  i n t r o d u c t io n  o f a  s u b s t i t u e n t  i n t o  th e  r in g  w i l l  
a f f e c t  th e  c o n fo rm a tio n a l e q u i l i b r i a  among th e  d i f f e r e n t  a x i a l  and 
e q u a to r i a l  p o s i t i o n s  in  d i f f e r e n t  w ays . 12 T h e re fo re ,  th e  c o r r e l a t i o n
o f  p ro d u c t d i s t r i b u t i o n  w ith  c o n fo rm a tio n a l  d i f f e r e n c e s  i s  n o t a lw ays 
a s  c l e a r - c u t  f o r  medium r in g s  a s  f o r  c y c lo h e x y l d e r i v a t i v e s .  A long 
w ith  e a r l i e r  s t u d i e s  by o t h e r s ,  th e  p r e s e n t  s tu d y  h a s ,  ho w ev er, demon­
s t r a t e d  t h a t  c o n fo rm a tio n a l  d i f f e r e n c e s  in  a  medium r in g  system  may be 
r e s p o n s ib le  f o r  m arked d i f f e r e n c e s  i n  p ro d u c t fo rm a tio n . In  th e  p r e s e n t  
s tu d y  th e  s t r e t c h e d  crown c o n fo rm a tio n  w i l l  be  c o n s id e re d  to  be 
c l o s e s t  to  th e  s p e c ie s  r e s p o n s ib le  f o r  th e  o b se rv e d  p r o d u c ts .
The r e a c t i o n  o f  c i s - c y c lo o c te n e  o x id e  w ith  fo rm ic  a c id  i s  
c o n s id e re d  to  p ro c e e d  th ro u g h  a  c a t i o n i c  i n t e r n e d i a t e  to  th e  r e a r ra n g e d  
p r o d u c ts .  R earran g em en ts  a s s o c ia te d  w ith  medium r in g  sy stem s in v o lv in g  
a n i o n i c , r a d i c a l , and c a rb e n e  in te r m e d ia te s  h av e  b een  docum ented , 
a l th o u g h  m ore exam ples o f  c a t i o n i c  re a rra n g e m e n ts  h ave  b een  r e p o r t e d . 13
B. S e le c te d  E x p erim en ts  R e la te d  to  th e  P r e s e n t  S tu d y
1 . F o rm o ly s is  o f  c i s - c y c lo o c te n e  o x id e 14
Cope and c o -w o rk e rs  i n  s tu d y in g  th e  fo rm o ly s is  o f  c i s -  
c y c lo o c te n e  o x id e  u t i l i z e d  d e u te r iu m  l a b e l l i n g  to  r e v e a l  th e  e x te n t  
o f  1 , 3" and 1 , 5- h y d r id e  s h i f t s  in  th e  fo rm a tio n  o f  c e r t a i n  t r a n s ­
a n n u la r  p ro d u c ts  (Scheme I ,  page  2 ) .  U sin g  a  s im p le  d e g ra d a t io n  schem e, 
th e y  showed t h a t  39#  o f  th e  c i s - 1 .k - c v c lo o c ta n e d io l  was form ed by a
1 ,3 -h y d r id e  s h i f t  and 61#  by  a  1 , 5- h y d r id e  s h i f t .  They f u r t h e r  showed 
t h a t  o n ly  6#  o f  th e  3 - c y c l o o c t e n e - l - o l  i s  form ed by  a  1 , 3 -h y d r id e  
s h i f t  and 9^#  by a  1 ,5 - h y d r id e  s h i f t .  S in c e  t h e r e  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  am ounts o f  1 ,3*  and l , 5 " S h i f t s  i n  fo rm a tio n  o f  th e  1 ,4 - d i o l  
and th e  u n s a tu r a te d  a l s o h o l ,  th e y  co n c lu d ed  t h a t  th e  l a t t e r  c o u ld  n o t
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h av e  b een  form ed by d e h y d ra t io n  o f  th e  d i o l .
Of p a r t i c u l a r  i n t e r e s t  a r e  th e  r e l a t i v e  am ounts o f  e l im in a t io n  p ro d ­
u c t s  (73$  3 - c y c lo o c t e n e - l - o l  and 27$  4- c y c l o o c t e n e - l - o l )  form ed in  
t h i s  r e a c t i o n .  The f a c t  t h a t  3“ c yc l ° o c t e n e - l - o l  i s  th e  m a jo r p ro d u c t 
r e s u l t i n g  from  th e  t r a n s a n n u la r  io n  s u g g e s ts  t h a t  t h e r e  i s  some con­
fo r m a tio n a l  p r e f e r e n c e  w hich  r e s u l t s  i n  t h i s  s e l e c t i v i t y .  I t  i s  a l s o  
i n t e r e s t i n g  to  n o te  t h a t  th e  o n ly  o l e f i n i c  p ro d u c t r e p o r te d  from  th e  
s o lv o ly s i s  o f  t r a n s - e y e lo o c te n e  o x id e  i s  4- c y c l o o c t e n e - l - o l ,  i s o l a t e d  
i n  12$ y i e l d .
2 . A c e to ly s is  o f  c i s -  and t r a n s - 1 , 2 -C y c lo o c ty le n e  D i t o s y l a t e s 15
a n n u la r  h y d r id e  s h i f t .  The d i s t r i b u t i o n  o f  o l e f i n i c  p ro d u c ts  o b ta in e d  
i s  o u t l in e d  below :
H ere some s e l e c t i v i t y  was I n d ic a te d  f o r  th e  s o lv o ly s i s  o f  th e  t r a n s -  
d i t o s y l a t e  and s t a t i s t i c a l  e l im in a t io n  seem in g ly  o c c u r re d  f o r  th e
T h is  s tu d y  was u n d e r ta k e n  to  d e m o n s tra te  th e  e f f e c t  o f  
n e ig h b o r in g  £ - t o l u e n e s u l f o n a t e ( t o s y l a t e )  on th e  e x te n t  o f  t r a n s -
c i s - d i t o s y l a t e .  The a u th o rs  co n c lu d e  th a t  p la n a r  ( o r  o th e r  e q u il ib r iu m  
co n fo rm a tio n ) carbonium  io n s  can n o t be  in v o lv ed  h e r e ,  o th e rw ise  th e  
o b serv ed  d i f f e r e n c e  in  p ro d u c t d i s t r i b u t i o n  would n o t o c cu r .
3* A c id -C a ta ly z ed  R earrangem ents o f  c i s -  and t r a n s - C v c lo o c ten e  
G ly c o ls16
One o f  th e  i n t e r e s t i n g  f e a tu r e s  o f  th e  d i l u t e  s u l f u r i c  a c id  
d eco m p o sitio n  o f  th e  c i s -  and t r a n s - 1 , 2 - c y c lo o c ta n e d io ls  i s  th e  form a­
t i o n  o f  3“c y c lo o c te n - l - o l  s o le ly  fro m :t r a n s - d i o l  and an  a p p ro x im a te ly  
1:1  m ix tu re  o f  3 - c yc l ° ° c t e n - l - o l  and k - c y c lo o c te n - l - o l  from  c i s - d i o l , 
i n d ic a t in g  some d eg ree  o f  s e l e c t i v i t y  in  o l e f i n  fo rm a tio n . In c lu d e d  
among th e  o th e r  p ro d u c ts  form ed w ere c y c lo o c ta n o n e  ( 5“9$) an<i bhe 
and 1 ,5  b i c y c l i c  e th e r s  ( 10$  from  t r a n s - d i o l , l a r g e ly  l , h  isomer* 20$ 
from  c i s - d i o l ) .
1-. S o lv o ly se s  o f  Medium-Ring 2 -H a lo c y c lo a lk a n o ls 17
The s o lv o ly s e s  o f  th e  t r a n s -c h lo ro -  and brom ohydrins c lo s e ly  
p a r a l l e l l e d  th e  p re s e n t  work i n  term s o f  th e  ty p e s  o f  p ro d u c t o b ta in e d . 
H ere a g a in ,  s e l e c t i v i t y  i n  o l e f i n  fo rm a tio n  i s  n o te d . The r a t i o  o f  
3 'c y c l o o c t e n - l - o l  to  h - c y c lo o c te n - l - o l  was 5 *6 /1  f o r  s i l v e r  n i t r a t e  
a s s i s t e d  a c e to ly s i s  o f  t r a n s - 2 -b ro m o cy c lo o c tan o l. T h is  s tu d y  im p lie s  
t h a t  f r e e  carbonium  io n s  a r e  n o t r e s p o n s ib le  f o r  th e  p ro d u c ts  o b ta in e d , 
s in c e  a  com parison  o f  c i s -  and t r a n s -b rom ohydrin  s o lv o ly s e s  showed 
q u i te  d i f f e r e n t  p ro d u c t d i s t r i b u t i o n s .
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5- S o lv o ly se s  o f  C y c lo o c ty l and t r a n s - 2 -H y d ro x y cy c lo o c ty l Bromides 
and j> -T o lu e n e su lfo n a te s18
T his  s tu d y  p ro v id e d  a c t i v a t i o n  p a ra m e te rs  f o r  s o lv o ly s e s  o f  
u n s u b s t i tu te d  and 2 - s u b s t i t u t e d  c y c lo o c ty l  t o s y l a t e s . The a u th o rs  
co n clu d ed  th a t  th e  2- hydroxy  s u b s t i t u e n t  g iv e s  r i s e  to  an  u n fa v o ra b le  
e n th a lp y  change ( i . e . ,  a  d e s t a b i l i z i n g  e f f e c t  upon th e  i n i t i a l l y - f o r m e d  
c a t io n )  a s  one t r a v e r s e s  s o lv e n t  p o l a r i t y  from  more io n iz in g  to  l e s s  
io n iz in g  s o lv e n t s .  S in c e  th e  o l e f i n i c  and b i c y c l i c  e th e r  com ponents 
w ere n o t s e p a ra te d  from  each  o th e r  in  t h i s  in v e s t i g a t i o n  (b e in g  m ain ly  
a  k i n e t i c  s tu d y ) , c o n c lu s io n s  can n o t be made re g a rd in g  any a p p a re n t 
s e l e c t i v i t y  i n  p ro d u c t fo rm a tio n . A lthough  th e  p ro d u c t d i s t r i b u t i o n  
in  th e  c a s e  o f  th e  tra n s -h y d ro x y  brom ide i s  q u i t e  s im i la r  to  t h a t  o f  
th e  t r a n s - hydroxy  t o s y l a t e ,  th e  change from  brom ide to  t o s y l a t e  as 
le a v in g  group a f f e c t s  th e  co m p o s itio n  o f  th e  p ro d u c t m ix tu re s  by in ­
c r e a s in g  th e  p ro p o r t io n  o f  c y c lo o c ta n o n e , a  n o n - tr a n s a n n u la r  p ro d u c t ,  
a t  th e  ex p en se  o f  th e  b i c y c l i c  e t h e r s ,  p ro d u c ts  o f  t r a n s a n n u la r  h y d r id e  
s h i f t .  The a u th o rs  c o n c lu d e  t h a t  t h i s  o b s e r v a t io n  i s  s i g n i f i c a n t  f o r  
e s t a b l i s h in g  an in v e r s e  r e l a t i o n s h i p  betw een th e  e x te n t  o f  t r a n s a n n u la r  
r e a c t io n  and th e  e a se  o f  c h a rg e  developm ent in  th e  t r a n s i t i o n  s t a t e  
(com pare th e  e x te n s iv e  fo rm a tio n  o f  t r a n s a n n u la r  p ro d u c ts  i n  th e  a c id  
c a ta ly z e d  re a rra n g em e n ts  o f  c y c lo o c te n e  g ly c o ls  w ith  th e  s l i g h t  amount 
form ed by n i t r o u s  a c id  d e am in a tio n s  o f  th e  c o rre sp o n d in g  amino a lc o h o l s 19) .
In  some o f  th e  in v e s t ig a t i o n s  a l r e a d y  d e s c r ib e d  re f e r e n c e  
was made to  th e  carbonium  io n  c h a r a c te r  o f  th e  r e a c t iv e  s p e c ie s  le a d in g  
to  p ro d u c t fo rm a tio n . I n  c e r t a i n  c a s e s  c o n c lu s io n s  w ere  drawn ab o u t 
th e  o c c u rre n c e  o f  f r e e  carbonium  io n s .  W ith in  th e  scope o f
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carbonium  io n  th e o ry  a s  i t  e x i s t s  to d a y , one sh o u ld  f u r t h e r  q u e s t io n  
th e  n a tu r e  o f  th e  s p e c ie s  r e s p o n s ib le  f o r  th e  fo rm a tio n  o f  p ro d u c ts  in  
r e a c t io n s  o f  m edium -ring  compounds.
One o f  th e  m ost r e v o lu t io n a r y  c o n t r ib u t io n s  to  carbonium  io n  
th e o ry  h as  been  W in s te in 's  e lu c id a t io n  o f  th e  e f f e c t  o f  c e r t a i n  added 
s a l t s  ( l i t h iu m  p e r c h lo r a te ,  e s p e c ia l l y )  upon th e  r a t e s  o f  c e r t a i n  r e ­
a c t io n s  in v o lv in g  c a t io n ic  s p e c ie s . 20 F o r some compounds, a d d i t io n  o f  
sm a ll am ounts o f  l i th iu m  p e r c h lo r a te  p rod u ces  an  i n i t i a l  s te e p  r a t e  ac ­
c e l e r a t i o n  fo llo w ed  by a  norm al l i n e a r  a c c e l e r a t i o n .  T h is  e f f e c t  h a s  
been  term ed th e  " s p e c ia l  s a l t  e f f e c t "  and was i n i t i a l l y  o b se rv ed  f o r  
o n ly  a  few  system s such  as  l - m e th y l- 2- ( 4-m e th o x y p h en y l)p ro p y l £ -  
to lu e n e s u lf o n a te  and 2-  (2 ,l |-d im e th o x y p h e n y l)e th y l jj-b ro m o b e n ze n esu lfo n a te , 
w hich g iv e  r e l a t i v e l y  s t a b l e  carbonium  io n s  upon s o lv o ly s i s .  The s p e c ia l  
s a l t  e f f e c t  i s  a t t r i b u t e d  to  a  d i r e c t  r e a c t io n  o f  an in te rm e d ia te  lo n -  
p a l r  w ith  a  l i th iu m  p e r c h lo r a te  i o n - p a i r  to  g iv e  a  c a rb o c a tio n -  
p e r c h lo r a te  io n - p a i r .  The c a r b o c a t io n - p e r c h lo r a te  io n - p a i r  e x h ib i t s  
l i t t l e  ten d en cy  t o  form  c o v a le n t  p e r c h lo r a te  and in s te a d  r e a c t s  w ith  
so lv e n t  to  y ie ld  p ro d u c ts  (Scheme I I I ) .  T h e re fo re , t h a t  p o r t io n  o f  
c a r b o c a t io n - s u l f o n a te  io n - p a i r  t h a t  would o r d i n a r i l y  have re tu rn e d  to  
r e a c ta n t  goes in s te a d  to  p ro d u c t ,  and a  h ig h e r  o b se rv ed  r a t e  r e s u l t s .
Only when th e  carbonium  io n  r e a c t s  c o m p e t i t iv e ly  w ith  th e  s o lv e n t -  
s e p a ra te d  le a v in g  group and w ith  s o lv e n t  does th e  s p e c ia l  s a l t  e f f e c t  
o c c u r . I t  h as  been  found th a t  a  change to  a  more n u c le o p h i l ic  s o lv e n t  
o r  to  s o lv e n ts  o f  h ig h e r  io n iz in g  power can  c o m p le te ly  e l im in a te  th e  
e f f e c t .  U s u a lly , s p e c ia l  s a l t  e f f e c t s  a r e  found  o n ly  i n  s o lv e n ts  o f  
low io n iz in g  power and low n u c l e o p h i l i c i t y .
SCHEME III
B-X
p ro d u c ts
in t im a te  
io n  p a i r
p ro d u c ts
(R + X") R4] |X '
s o lv e n t  s e p a ra te d  
io n  p a i r
p ro d u c ts
&
R +  X“
s o lv a te d  ( f r e e )  io n s
'L iC l0 4 
rscav en g e rs  
le re
R+ | IWO4 R  +  CIO4
p ro d u c ts  p ro d u c ts
12
CHAPTER I I  
RESULTS AND DISCUSSION
A. S y n th e s is  o f  c i s - and t r a n a -2 -M e th o x y cy c lo o c ty l T o s y la te s
The s y n th e s is  o f t r a n s -2 -m e th o x y - l-c y c lo o c ta n o l was ach iev ed  
by fo llo w in g  a  p a te n te d  p ro c e d u re  i l l u s t r a t e d  by th e  fo llo w in g  equa­
t i o n s . 21
The h ig h  y i e ld  o f  i ,2 - i s o m e r  was q u i t e  s u r p r i s in g  in  view  o f  th e  m arked 
ten d en cy  o f  medium r in g  compounds to  undergo re a rra n g em e n ts  in  a c id ic  
p o la r  s o lv e n t s .  In  an  e a r l i e r  s tu d y  on th e  s o lv o ly s i s  o f  c i s - c y c lo o c te n e  
o x id e , Cope r e p o r te d  a  d i r e c t  c o r r e l a t i o n  betw een  in c re a s in g  s o lv e n t
c o r r e l a t i o n ,  how ever, was f o r  c a rb o x y lic  a c id s  and may n o t be v a l id  f o r  
more n u c le o p h i l ic  Lewis a c id  s o lu t io n s  such as  th e  m e th a n o lic  boron  
t r i f l u o r i d e - e t h e r a t e  s o lu t io n  employed above.
c i s -2 -m e th o x y c y c lo o c tan o l (s e e  E x p erim en ta l S e c t io n ) .  The b e s t  ro u te  
was found to  be th e  r e a c t io n  o f  m ethy l io d id e  w ith  th e  h a l f  sodium  s a l t  
o f  c i s - 1 , 2- c y c lo o c ta n e d io l .
a c i d i t y  and p ro p o r t io n  o f  t r a n s a n n u la r  re a rran g em en t p r o d u c ts . 22 The
Many a tte m p ts  o f  v a ry in g  su cc e ss  w ere employed to  s y n th e s iz e
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O lOH +  NaH _______ _ f/ ^ ~ Nf OH +  Hn&h  \  / k r N c P
Q G l e +  ° y  — -  Q & v  “
+
O i o c h ^  
o c h 3
T h is  p ro c e d u re  produced  a s in g le  methoxy a lc o h o l and o n ly  one by­
p ro d u c t ,  c i s - 1 , 2- d im e th o x y cy c lo o c tan e , w hich was e a s i l y  s e p a ra te d  from 
th e  d e s i r e d  p ro d u c t by chrom atography  on s i l i c a  g e l .
The c i s -  and t r a n s - t o s y l a t e s  were p re p a red  a cc o rd in g  t o  a 
s ta n d a rd  m ethod23 from  p y r id in e  s o lu t io n s  o f  jd - to lu e n e s u lfo n y l c h lo r id e  
and th e  a lc o h o l .
+  C I S ^ O c H g  N - ^ b s Q ^ ^ O t
t r a n s - 2-M eth o x y cy c lo o c ty l £ - to lu e n e s u l f o n a t e ,  a  s o l id  compound, proved 
to  be s t a b l e  f o r  many m onths when s to re d  in  a  s to p p e re d  v i a l  i n  a 
f r e e z e r  a t  -2 0 °  C. The c i s  iso m er seemed to  show some s ig n  o f  decompo­
s i t i o n  a f t e r  o n ly  two weeks s to ra g e  un d er th e  same c o n d i t io n s .  T h e re fo re ,
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o n ly  sm a ll sam ples o f  th e  c l s - t o s y l a t e  w ere m ade, and th e s e  sam ples 
w ere u sed  im m e d ia te ly .
B. S o lv o ly se s  o f  th e  c i s -  and t r a n s -2 -M e th o x y c y c lo o c ty l T o s y la te s
1 . S o lv o ly s e s  in  80 $  Aqueous E th a n o l
T hese s o lv o ly s e s  w ere c a r r i e d  o u t  a t  60° C f o r  s i x  h o u rs  
w ith  added  c a lc iu m  c a r b o n a te  to  n e u t r a l i z e  £ - to l u e n e s u l f o n ic  a c id  
form ed in  t h e  r e a c t i o n . 24  R e a c tio n s  c a r r i e d  o u t w ith o u t  added c a lc iu m  
c a r b o n a te ,  h o w ev er, gave p ro d u c t m ix tu re s  I d e n t i c a l  on th e  b a s i s  o f  
g a s  l i q u i d  p a r t i t i o n  ch ro m a to g ra p h ic  ( g l p c ) ,  i n f r a r e d  ( i r )  and n u c le a r  
m a g n e tic  re s o n a n c e  (nm r) d a ta  to  th o s e  o b ta in e d  from  r e a c t io n s  w ith  
th e  added s a l t .  C alcium  c a rb o n a te  was added to  th e  i n i t i a l  r e a c t i o n  
m i x tu r e  to  a s s e s s  i t s  e f f e c t  on th e  fo rm a tio n  o f  c y c lo o c ta n o n e  In  
th e  r e a c t i o n .  The p ro d u c ts  o b ta in e d  from  th e  s o lv o ly s e s  o f  th e  c i s -  
and  t r a n s - t o s y l a t e s  a r e  shown in  C h a r t I .  T a b le  I I I  g iv e s  th e  p ro d u c t 
d i s t r i b u t i o n  i n  m ole p e r c e n ts  f o r  b o th  c i s -  and t r a n s - Iso m e rs . The 
p ro d u c ts  (2 -9 )  a r e  a r ra n g e d  in  C h a r t I  a c c o rd in g  t o  in c r e a s in g  r e t e n ­
t i o n  tim e s  on  a  1 0 ’ X 1 /8 ” alum inum  colum n packed  w ith  10$ Carbowax 
20M on 8 0 /1 0 0  mesh C hrom osorb. P ro d u c ts  2 ,  3 ,  and 4 w ere n o t  r e s o lv e d  
on t h i s  colum n b u t  w ere s e p a ra te d  on a  1 0 ' X 1 /8 "  XF-1150 ( s i l i c o n e  
n i t r i l e )  co lum n.
Each e x p e rim en t was ru n  a s  a  0 .1  M s o l u t i o n  o f  t o s y l a t e  in  
80$ (v /v )  e th a n o l .  L ith iu m  p e r c h lo r a te  ( 0 .1  M) was added to  some 
s o lu t io n s  o f  th e  t r a n s - t o s y l a t e  t o  a s s e s s  th e  e f f e c t  o f  t h i s  added 
s a l t  upon th e  p ro d u c t co m p o s ito n ; th e  d i s t r i b u t i o n  was u n a f f e c te d  by 
l i th iu m  p e r c h lo r a te  (T a b le  I I I ) .
CHART X
PRODUCTS FORMED IN THE SOLVOLYSIS OF c i s -  AND t r a n s - 2 - METHOXYCYCLOOCTYL 
_£-TOLUENESULFONATES (I t AND lc ) IN 80 io AQUEOUS ETHANOL
TABLE III
PRODUCT DISTRIBUTION DATA FROM SOLVOLYSES OF e l s -  AND 
t  ra n  a- 2-METH0XYCYCLOOCTYLj>-TOLUENESULFONATES IN 
80# AQUEOUS ETHANOL AT 60° C
R e a c ta n t Added S a l t 2
P ro d u c t
5 ^
D i s t r i b u t i o n ,  mol #a 
6 7 8 t  8c
L,b
9 t 9c
I t None 59 — 6 0 .8 12 59 1 .6 —
I t 0 .1  M L iC l0 4 59 — 6 ■0.9 11 39 1 .8 —
lc None — 5^-5 - 11 .3 5 0 .7  24 1 .0 3 .1
a . C yclodecane was u sed  a s  i n t e r n a l  s ta n d a rd  f o r  q u a n t i t a t i v e  d e te r ­
m in a tio n s .
b . A ll  s o lv o ly s e s  w ere c a r r i e d  o u t f o r  s ix  h o u rs ;  each  s o lu t io n  was 
0 .1  M in  t o s y l a t e .
IT
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One o f  th e  i n t e r e s t i n g  f e a tu r e s  re v e a le d  in  T ab le  I I I  i s  th e  
d i s t r i b u t i o n  o f  th e  m a jo r c a rb o n y l p ro d u c ts  o b ta in e d  from  th e  s t e r e o ­
isom ers f t  and ^ c .  The c i s - t o s y l a t e  produced  c y c lo h e p ta n ec a rb o x - 
a ld eh y d e  (6 ) a s  th e  m ain c a rb o n y l p ro d u c t ,  and th e  t r a n s - t o s y l a t e  
p roduced  cy c lo o c ta n o n e  ( j ) . A n o th er o b s e r v a t io n  o f  i n t e r e s t  i s  th e  
s e l e c t i v i t y  i n  fo rm a tio n  o f  o l e f i n i c  p ro d u c ts .  The t r a n s - t o s y l a t e  
gave e x c lu s iv e ly  4 -m e th o x y - l-c y c lo o c te n e  ( 2 ) ,  w hereas th e  c i s - t o s y l a t e  
gave s o le ly  5“Diefch o x y -l-cy c lo o c ten e  Cl) * These r e s u l t s  and o th e r  a s ­
p e c ts  o f  th e s e  ex p erim en ts  w i l l  be  d is c u s s e d  f u r t h e r  in  th e  D is­
c u s s io n  S e c t io n .
2 . S o lv o ly se s  i n  G la c ia l  A c e tic  A cid
S o lv o ly se s  o f  th e s e  c i s -  and t r a n s - t o s y l a t e s  w ere conducted  
a t  60°  i n  g l a c i a l  a c e t i c  a c id  c o n ta in in g  sm a ll am ounts o f  a c e t i c  an ­
h y d r id e  to  In s u re  d ry n e s s . Each s o lu t io n  was 0 .1  M in  t o s y l a t e  and 
in  added s a l t ,  i f  an y . E xperim en ts w ere c a r r i e d  o u t to  d e te rm in e  th e  
e f f e c t  o f  v a ry in g  th e  l i th iu m  p e r c h lo r a te  c o n c e n tr a t io n  and o f  a d d i t io n  
o f  sodium  a c e t a t e .  C h art I I  on th e  fo llo w in g  page shows th e  p ro d u c ts  
o f  th e  a c e to ly s e s  o f  c i s -  and t r a n s - t o s y l a t e s . T ab les IV and V g iv e  
p ro d u c t d i s t r i b u t i o n  d a ta  f o r  th e  a c e to ly s e s  o f  th e  iso m e ric  t o s y l a t e s .
E xcep t f o r  two com ponents, th e  p ro d u c t m ix tu re s  w ere v e ry  
w e ll  s e p a ra te d  on a  10* X 1 /8 ” Carbowax 20M column a t  170°. The r e ­
t e n t io n  tim e s  o f  th e  com ponents f ro m :th e  t r a n s - t o s y l a t e  a c e to ly s i s  
w ere: 2 and j*, 3 .6  m in .;  6 .8  m in .;  1 0 , 9*5  m in .;  l i t , 19*2 m in . ;
12t ,  2 6 .2  m in .
CHART II
PRODUCTS FORMED IN THE SOLVOLYSIS OF cis- AND
trans-2-METH0XYCYCL00CTYL j>-TOLUENESULFONATES IN GLACIAL ACETIC ACID
Q ' och3  ( Q * ch;
O *  O * * 0  o °
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PRODUCT DISTRIBUTION DATA FROM SOLVOLYSIS OF cis-2-METHOXYCYCLOOCTYL
TOLUENE SULFONATE IN GLACIAL ACETIC ACID AT 60° C&
P ro d u c t D i s t r i b u t i o n ,  mol %
b c
Added S a l t  3 10 12t  12c 6 5 8  l i t 11c
I  None 4 6 .8 2 .2  1 .9  35 3 -  2 .6 5 .2
I I  0 .1  M L iC l0 4 1 7 .1 2 3 .O 1 .4  1 3 .6 1 2 .7  1 .0  3 .0 4 .0
a .  C yclodecane  was u sed  a s  i n t e r n a l  s ta n d a rd  f o r  q u a n t i t a t i v e  d e t e r ­
m in a tio n s  ; a l l  s o lv o ly s e s  w ere c a r r i e d  o u t f o r  s i x  h o u r s ;  each  
s o l u t i o n  was 0 .1  M i n  t o s y l a t e .
b .  T ra n s a n n u la r  p r o d u c ts .
c .  N o n - tra n s a n n u la r  p r o d u c ts .
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TABLE V
PRODUCT DISTRIBUTION DATA FROM SOLVOLYSIS OF
trans-2-METHOXYCYCLOOCTYL £-TOLUENESULFONATE IN
GLACIAL ACETIC ACID AT 60° Ca
Added S a l t
P ro d u c t D i s t r i b u t i o n , mol %
b c
2 4 10 12t 5 8 l i t
I None 2 5 .5 1 2 .5 5 39 - 15 3
I I None 2 3 .2 1 1 .2 6 t o - 16 2
I I I d 0 .1  M L iC l0 4 7 43 27 7 3 11 2
IVd 0 .1  M L iC l0 4 7-3 4 0 .7 28 8 3 10 2
V 0 .2  M L iC l0 4 7 .7 4 4 .3 28 6 3 8 2
VI 0 .4  M L iC l0 4 7 .6 4 3 .4 30 9 3 5 2
a .  A l l  s o lv o ly s e s  w ere  c a r r i e d  o u t f o r  s i x  h o u rs  and w ere  0 .1  M i n  
t o s y l a t e .  C yclodecane  was u sed  as  i n t e r n a l  s ta n d a rd  f o r  q u a n t i ­
t a t i v e  d e te r m in a t io n s .
b . T ra n s a n n u la r  p r o d u c ts .
c .  N o n - tr a n s a n n u la r  p r o d u c ts .
d .  F iv e  grains o f  t o s y l a t e  was u sed  h e r e ;  two grains was u sed  in  a l l  
o th e r  c a s e s .
2 1
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The tw o-com ponent n a tu r e  o f  th e  f i r s t  peak  was n o t  Im m ed ia te ly  
a p p a r e n t ,  b u t was d e te c te d  by  p r e p a r a t iv e  gas ch ro m atog raphy  on a  
9 '  X 5 /8 "  Carbowax colum n fo llo w e d  by nmr a n a ly s e s  o f  th e  c o l l e c t e d  
f r a c t i o n s  (nm r sp ec tru m  No. 1 4 ) .  The f i r s t  com ponent peak  p ro v ed  to  
be  a  2 /1  m ix tu re  o f  4 -m e th o x y - l-c y c lo o c te n e  and 9“ O x ab icy c lo £ 4 . 2 . 1] -  
nonane ( l , 4 - b i c y c l i c  e t h e r ) .  T h is  d i s t r i b u t i o n  was s u b s e q u e n tly  con­
f irm e d  by u s e  o f  a  1 0 ' X 1 /8 "  X F -I I5O ( s i l i c o n e  n i t r i l e )  colum n on 
w h ich  th e  com ponents w ere  w e l l  s e p a ra te d  a t  170° .
The is o m e r ic  m e th o x y c y c lo o c te n e s , 2  and 3 ,, w ere d i f f e r e n ­
t i a t e d  by means o f  t h e i r  nmr s p e c t r a .  The d o u b le t  o f  d o u b le ts  p a t t e r n  
( s e e  A p p en d ix , nmr s p e c t r a  N os. 10 and 12) a r i s i n g  from  one ( o r  b o th )  
o f  th e  a l l y l i e  h yd rogens s i t u a t e d  b e tw een  th e  d o u b le  bond and th e  oxygen- 
s u b s t i t u t e d  c a rb o n  i s  p a r t i c u l a r l y  c h a r a c t e r i s t i c  and u s e f u l .  T h is  
c h a r a c t e r i s t i c  i s  n o t e x h ib i t e d  by e i t h e r  th e  a l l y l i c  (nmr sp ec tru m  
No. 1 5 ) o r  th e  5- s u b s t i t u t e d  c y c lo o c te n e  (nmr sp ec tru m  No. 9 ) .
OR
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A lso  in c lu d e d  i n  th e  a p p en d ix  a r e  d e c o u p lin g  s tu d ie s  on 
compounds 2 and  10 . The p o s i t i o n  o f  th e  d o u b le  bond i n  th e  two com­
pounds i s  s u g g e s te d  by th e  i n t e r p r e t a t i o n  o f  th e s e  s t u d i e s .  C om parison 
o f  th e  60 MHz s p e c t r a  o f  th e  is o m e r ic  a c e to x y c y c lo o c te n e s , (10 and 3 -  
a c e to x y c y c lo o c te n e , nmr s p e c t r a  9  and 10 ) and th e  iso m e r ic  m ethoxy­
c y c lo o c te n e s  (2  and 3 , nmr s p e c t r a  12 and  I 3 ) v i v i d l y  i l l u s t r a t e s  th e  
s i m i l a r i t i e s  and d i f f e r e n c e s  i n  v in y l  h y d ro g en  p a t t e r n s  i n  th e s e  com­
pounds .
CHAPTER I I I  
DISCUSSION OF RESULTS
A. S o lv o ly s e s  i n  80$  Aqueous E th a n o l
The r e s u l t s  o f  th e  s o lv o ly s e s  i n  80$  aqueous e th a n o l  (and 
in  a c e t i c  a c id )  o f  th e  c i s -  and t r a n s - 2-m e th o x y c y c lo o c ty l t o s y l a t e s  
(T a b le s  I I I ,  IV , and V) may be d is c u s s e d  from  th e  s ta n d p o in ts  o f  ( l )  
s o lv e n t  e f f e c t s ,  ( 2 ) e f f e c t  o f  n e ig h b o r in g  g ro u p , and ( 3 ) conform a­
t i o n a l  e f f e c t s .  A carbon ium  Io n  ty p e  m echanism  was assum ed to  b e  in ­
v o lv e d  in  th e  s o lv o ly s e s  o f  b o th  c i s -  and t r a n s - t o s y l a t e s .
Scheme IV shows p o s s ib le  r o u te s  f o r  fo rm a tio n  o f  p ro d u c ts .
F o r  c o n v e n ie n c e , th e  c l a s s i c a l  r e p r e s e n t a t i o n  o f  io n s  form ed from  c l s -  
and t r a n s - t o s y l a t e s  i s  d e p ic t e d .  R oute  (a )  r e p r e s e n t s  th e  "norm al" 
s o lv o ly s i s  w hich g iv e s  1 ,2 - d i s u b s t i t u t e d  p r o d u c t .  R ou tes (b ) and (c )  
a r e  re a rra n g e m e n ts  in v o lv in g  1 , 2 - m ig r a t io n  o f  h y d r id e  and  a lk y l  g ro u p , 
r e s p e c t i v e l y .  R oute  (d ) i s  a  t r a n s a n n u la r  h y d r id e  m ig r a t io n  (b o th  
1 , 3 -  and 1 , 5- m ig r a t io n  o f  h y d r id e  g iv e  th e  4-m ethoxy c a t i o n )  w hich  can  
l e a d ,  by p ro to n  l o s s ,  to  o l e f i n  o r ,  by c o m b in a tio n  w ith  s o lv e n t ,  t o  a  
1,1).-d i s u b s t i t u t e d  compound. T ra n s a n n u la r  h y d r id e  s h i f t  p u ts  th e  p o s i ­
t i v e  c h a rg e  i n  a  m ore rem o te  p o s i t i o n  away from  th e  d e s t a b i l i z i n g  
e f f e c t s  o f  th e  m ethoxy oxygen . The a l t e r n a t i v e  1 ,2 - h y d r id e  m ig r a t io n  
(fro m  C -2) g iv e s  a  re so n a n c e  s t a b i l i z e d  oxonium  io n ,  w hich  i s  p ro b a b ly  
th e  in te r m e d ia te  in v o lv e d  i n  th e  fo rm a tio n  o f  c y c lo o c ta n o n e . R ou te  (e )  
r e p r e s e n t s  fo rm a tio n  o f  a  b r id g e d  t r a n s a n n u la r  m ethoxonium  io n  and i s  
seem in g ly  m ore im p o r ta n t  i n  a c e t i c  a c id  s o lv o ly s e s  th a n  i n  80$  e th a n o l  
s o l v o l y s e s .
23
SCHEME IV
O b ™ ,  C C
/  X





The s a l i e n t  f e a tu r e s  o f  th e  s o lv o ly s i s  o f  th e  c i s -  and t r a n s - t o s y l a t e s  
in  80$  aqueous e th a n o l a r e  ( l )  fo rm a tio n  o f  c y c lo o c ta n o n e  a s  th e  m ajor 
c a rb o n y l p ro d u c t from  t r a n s - t o s y l a t e  and c y c lo h e p ta n e c a rb o x a ld e h y d e  as 
th e  m ajo r c a rb o n y l p ro d u c t from  th e  c i s - t o s y l a t e : ,  ( 2 ) fo rm a tio n  o f  ex­
c lu s i v e l y  t r a n s -1  , 2- d i s u b s t i t u t e d  p ro d u c ts  from  t r a n s - t o s y l a t e  and 
l a r g e ly  c i s - 1 ,2 - d i s u b s t i t u t e d  p ro d u c ts  from  c i s - t o s y l a t e ;  ( 3 ) fo rm a tio n  
o f  m a in ly  n o n - t r a n s a n n u la r ly  d i s u b s t i t u t e d  p r o d u c ts ,  and (4 ) ab sen ce  o f  
p ro d u c t d i s t r i b u t i o n  ch an g es  upon a d d i t io n  o f  l i th iu m  p e r c h lo r a t e .  
F e a tu re s  (1 )  and (2 ) may b e  c la s s e d  a s  c o n fo rm a tio n a l e f f e c t s ,  and 
(3 ) and (4 )  a s  s o lv e n t  e f f e c t s .  A n o th e r f e a t u r e ,  ( 5 ) th e  s e l e c t i v i t y  
o f  o l e f i n  fo rm a tio n , (4 -m e th o x y - l-c y c lo o c te n e  from  t r a n s - t o s y l a t e  and 
5-m e th o x y - l-c y c lo o c te n e  from  c i s - t o s y l a t e )  i s  n o t a s  e a s i l y  r a t i o n a ­
l i z e d  by u s e  o f  p r e s e n t  carbon ium  io n  th e o ry .
An exam ple w hich  p a r a l l e l s  f e a tu r e  (1 ) h a s  been  o b se rv ed  in  
th e  cy c lo h e x a n e  r in g  sy stem  f o r  d e a m in a tio n  o f  c i s -  and t r a n s - 4 - t e r t -  
b u ty l-2 -a m in o c y c lo h e x a n o ls . 2S The c o n c lu s io n s  w ere  t h a t  an  e q u a to r i a l  
h y d rogen  a d ja c e n t  to  th e  c a t i o n i c  c e n t e r  p re v e n ts  r i n g  c o n t r a c t io n  and 
r e s u l t s  i n  1 , 2- h y d r id e  s h i f t ,  w hereas an  a x ia l  h y d ro g en  h as  no e f f e c t  




A s im i la r  s i t u a t i o n  may b e  im p lie d  to  e x p la in  th e  fo rm a tio n  o f  th e  








F ig u re  2 d e p ic t s  th e  "p "  o r b i t a l  r e s u l t i n g  from  th e  d e p a r tu re  o f  th e  
j j - to lu e n e s u l f o n a te  le a v in g  g roup  a s  b e in g  d i r e c t e d  tow ards th e  a lk y l  
m ig r a t in g  g roup  in  th e  c i s - t o s y l a t e , ( c a t i o n  A) f a c i l i t a t i n g  r in g  con­
t r a c t i o n  i n  t h i s  c a s e .  The re so n a n c e  s t a b i l i z e d  ox o n iu m -io n , (b ) , 
u n d erg o es  s o lv e n t  a t t a c k  to  g iv e  c y c lo h e p ta n e c a rb o x a ld e h y d e  and th e  
m e th y la te d  s o lv e n t  d e r i v a t i v e .  (F o r a c e t i c  a c id  s o lv o ly s e s , m e th y l 
a c e t a t e  was o b se rv ed  in  th e  r e a c t io n  m ix tu r e s .  S im ila r  exam ples o f  
m ethoxy-m ethy l in v o lv em en t i n  s o lv o ly s i s  r e a c t io n s  have b een  r e p o r t e d .26) 
The d e p a r tu r e  o f  ^ - t o lu e n e s u l f o n a t e  from  th e  t r a n s - iso m er le a v e s  a  "p" 
o r b i t a l  o r i e n te d  o r th o g o n a l ly  tow ards th e  a lk y l  m ig ra t in g  group  and 
p a r a l l e l  to  th e  a d ja c e n t  m e th in e  h y d rogen  ( c a t io n  C ). M ig ra tio n  o f  
t h i s  h yd rogen  o c c u r s ,  g iv in g  th e  re so n a n c e  s t a b i l i z e d  o x o n iu m -io n , (D ), 
w hich  u n d e rg o e s  a t t a c k  by s o lv e n t  to  g iv e  c y c lo o c ta n o n e . The Newman 
p r o j e c t i o n  fo rm u la s  below  i l l u s t r a t e  m ore c l e a r l y  th e  c o n fo rm a tio n a l 
d i f f e r e n c e s  betw een  th e  c i s -  and t r a n s - i s o m e r s . A lthough  th e r e  a re  
p ro b a b ly  o th e r  c o n fo rm a tio n s  o f  a lm o s t e q u a l  e n e r g ie s  w hich c o u ld  le a d  
to  th e  o b se rv e d  p r o d u c ts ,  th e  c o n fo rm a tio n s  below  m ust be c o n s id e re d  
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t r a n s  ( I t ) C a tio n  C
S c r u t i n i z a t i o n  o f  c a t i o n  (A) , F ig u re  su g g e s ts  th e  p o s s i b i l i t y  o f  
b o th  a lk y l  and hydrogen  m ig r a t io n .  A lk y l m ig r a t io n  w hich g iv e s  r i s e  
to  c y c lo h e p ta n ec a rb o x a ld eh y d e  seems more p ro b a b le  s in c e  t h i s  ta k e s  
p la c e  i n  a  rea rw ard  d isp la c e m e n t mode ( a n t i )  and f a c i l i t a t e s  d e p a r tu re  
o f  th e  j j - to lu e n e s u l f o n a te  a n io n . H ydride  m ig r a t io n ,  w hich g iv e s  r i s e  
to  c y c lo o c ta n o n e , m ust o c c u r  a f t e r  £ - to lu e n e s u l f o n a te  le a v e s  b u t can 
o c cu r r e a d i ly  b ecau se  th e  a d ja c e n t  "p"  o r b i t a l  i s  a lm o st p a r a l l e l  to  
th e  m ig ra t in g  hyd ro g en . In  c a t io n  ( c ) , F ig u re  3> th e  "p ” o r b i t a l  i s  
o r ie n te d  a lm o s t p a r a l l e l  t o  th e  a d ja c e n t  m e th in e  hydrogen  b u t a lm ost 
c o m p le te ly  o r th o g o n a l t o  th e  c a rb o n -ca rb o n  bond o f th e  p o t e n t i a l l y  
m ig ra t in g  a lk y l  g ro u p . T h e re fo re , 1 ,2 -h y d r id e  s h i f t  le a d in g  to  k e to n e  
fo rm a tio n  i s  more f a c i l e  th a n  a lk y l  m ig ra t io n  in  t h i s  c a s e .  The r a t i o s  
o f  c a rb o n y l p ro d u c ts  o b ta in e d  from  th e  s te r e o is o m e r lc  t o s y l a t e s  len d  
su p p o r t to  th e  above c o n c lu s io n s :
from  t r a n s - t o s y l a t e  
v i a  c a t i o n  C
from  c i s - t o s y l a t e  
v ia  c a t i o n  A
k e to n e )
a ld eh y d e ) 
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In  a  s tu d y  o f  th e  d eam in a tio n  o f  c i s -  and t r a n s -2 -  
a m in o c y c lo o c ta n o ls , Traynham and Yang re p o r te d  cy c lo o c ta n o n e  to  be  
th e  m ajo r c a rb o n y l p ro d u c t from c i s - 2 -a m in o c y c lo o c ta n o l and c y c lo ­
h ep tan eca rb o x a ld eh y d e  a s  th e  m ajo r c a rb o n y l p ro d u c t from  t r a n s - 2 -  
a m in o c y c lo o c ta n o l . 27 T hese r e s u l t s  a r e  e x a c t ly  o p p o s i te  to  th o s e  r e ­
p o r te d  f o r  th e  s te r e o is o m e r ic  t o s y l a t e s  in  th e  p r e s e n t  s tu d y . However, 
i t  i s  w e ll  known t h a t  d eam in a tio n  r e a c t io n s  u s u a l ly  le a d  to  more e n e r­
g e t i c  in te rm e d ia te s  th a n  s o lv o ly s i s  r e a c t i o n s ,  and i t  may be t h a t  th e  
c o n fo rm a tio n a l re q u ire m e n ts  f o r  th e  two ty p e s  o f  r e a c t io n s  ( s o lv o ly s i s  
and d eam in a tio n ) a re  q u i t e  d i f f e r e n t . 28
The fo rm a tio n  o f  e x c lu s iv e ly  t r a n s - 1 ,2 - d i s u b s t i t u t e d  p ro d u c ts  
from  t r a n s - t o s y l a t e  i s  a t t r i b u t e d  to  th e  n e ig h b o r in g  group e f f e c t  o f  
th e  a d ja c e n t  m ethoxy s u b s t i t u e n t .  The n e ig h b o rin g  methoxy group p ro ­
t e c t s  th e  r e a r - s i d e  o f  th e  ca rb o n  from  w hich t o s y l a t e  le a v e s ,  so  th a t  





S tu d ie s  on th e  s i l v e r - i o n  a s s i s t e d  a c e to ly s i s  o f  t r a n s - 2- 
m e th o x y -l-c y c lo h e x y l brom ide have shown th a t  th e  m ajo r p ro d u c t i s  
t r a n s -2 -m e th o x v - l-c y c lo h e x y l a c e t a t e . 29 To r a t i o n a l i z e  t h i s  s t e r e o ­
ch em ica l r e s u l t ,  p a r t i c i p a t i o n  by n e ig h b o rin g  m ethoxy was deemed n eces­
s a r y .  T h is  r a t i o n a l e  a l s o  re q u ir e d  t h a t  b o th  th e  m ethoxy and le a v in g  
group a d o p t th e  d i a x l a l  co n fo rm a tio n  r a t h e r  th a n  th e  more s t a b l e  d i -  
e q u a to r i a l  c o n fo rm a tio n . The Im p o rtan ce  o f t h i s  f a c t o r ,  how ever, was 
c o n s id e re d  d i f f i c u l t  t o  e s t im a te .
The fo rm a tio n  o f  c i s - 1 ,2 - d i s u b s t i t u t e d  p ro d u c ts  from  c i s - 
t o s y l a t e  was th o u g h t to  be th e  r e s u l t  o f  s o lv e n t  a t t a c k  on an io n - p a i r  
in te r m e d ia te  le a d in g  to  r e t e n t i o n  o f  c o n f ig u r a t io n  (F ig u re  4 ) .
FIGURE 4
liitm© O '
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T h ere  i s  p ro b a b ly  v e ry  l i t t l e  n e ig h b o r in g  group  p a r t i c i p a t i o n  in v o lv e d  
h e re  b e ca u se  o f  th e  c i s  o r i e n t a t i o n  o f  th e  m ethoxy and t o s y l a t e  g ro u p s . 
(N e ig h b o rin g  g roup  p a r t i c i p a t i o n  u s u a l ly  r e q u i r e s  t r a n s - d i a x i a l  o r i e n ­
t a t i o n  i n  a c y c l ic  and c y c lo h e x a n e  s y s te m s .)  S o lv e n t a t t a c k  on io n -  
p a i r s  h a s  been  im p l ic a te d  in  r e a c t io n s  in v o lv in g  b o th  S ^ l and S^2 ty p e  
r e a c t i o n s . 30
The r e l a t i v e  am ounts o f  1 ,2 - d i s u b s t i t u t i o n  and t r a n s a n n u la r  
h y d r id e  s h i f t  in  80$  aqueous e th a n o l  i s  a t t r i b u t e d  to  a  s o lv e n t  e f f e c t .  
S o lv e n t n u c l e o p h l l i c i t y , _ i . ,e . , th e  a b i l i t y  o f  s o lv e n t  to  com pete k in e -  
t i c a l l y  w ith  h y d r id e  a t t a c k  (fro m  t r a n s a n n u la r  h y d r id e  s h i f t )  on th e  
i n i t i a l l y  form ed c a t i o n ,  i s  c o n s id e re d  to  be  th e  m a jo r f a c t o r  p ro m o tin g
1 , 2 - d i s u b s t i t u t i o n .  In  80$ aqueous e th a n o l ,  1 , 2 - d i s u b s t i t u t i o n  was 29$ 
f o r  th e  c i s - t o s y l a t e  and 41$ f o r  th e  t r a n s - t o s y l a t e .  T hese f ig u r e s
31
r e p r e s e n t  sh a rp  c o n t r a s t s  to  co m parab le  p e rc e n ta g e s  o f  c o rre sp o n d in g  
p ro d u c ts  f o r  s o lv o ly s e s  i n  th e  l e s s  n u c le o p h i l t c  s o lv e n t ,  a c e t i c  a c id ,  
(T a b le s  IV and V) i n  w hich t r a n s a n n u la r  h y d r id e  s h i f t s  a r e  >  80$ . Cope 
and c o -w o rk e rs  h av e  shown t h a t  i n  a c e t i c  a c id  c o n ta in in g  sodium  a c e ­
t a t e ,  th e  s o lv o ly s i s  o f  c i s - c y c lo o c te n e  o x id e  g iv e s  m a in ly  1 , 2- d i s u b -  
s t i t u t e d  p r o d u c t . 31  The in te r m e d ia te  r e p r e s e n te d  below  was c o n s id e re d  
by Cope to  r e a c t  v i a  two com p etin g  s te p s :
n o r m a l  /  \ z £ n  k  tra n s a n n u la r
p r o d u c t s  \  /  p r o d u c ts
o n e , ( a ) ,  g iv in g  norm al p r o d u c ts ,  th e  o t h e r ,  ( b ) , g iv in g  t r a n s a n n u la r  
p r o d u c ts .  The n u c le o p h i l i c  c o n t r ib u t io n  o f  m ig r a t in g  hydrogen  was 
c o n s id e re d  t o  be m ore im p o r ta n t  i n  l e s s  n u c le o p h i l i c  m ed ia  ( e . £ . , 
a c e t i c  a c id  w ith o u t  added  sodium  a c e t a t e )  i n  w hich  t r a n s a n n u la r  r e a c ­
t i o n s  p re d o m in a te .
Added l i th iu m  p e r c h lo r a t e  had no e f f e c t  upon p ro d u c t d i s t r i ­
b u t io n  in  80$ aqueous e th a n o l  s o lv o ly s e s .  Only when th e  carbon ium  io n  
i s  s u f f i c i e n t l y  s t a b l e  t h a t  r e a c t i o n  w ith  th e  s o lv e n t - s e p a r a te d  le a v in g  
group com petes fa v o ra b ly  w ith  s o lv e n t  does th e  s p e c ia l  s a l t  e f f e c t  
phenomenon a r i s e .  T h e re fo re ,  t h e  o b se rv ed  i n s e n s i t i v i t y  o f  th e  p r e ­
s e n t  r e a c t i o n  to  added  l i th iu m  p e r c h lo r a te  i s  a t t r i b u t e d  to  r a p id  
r e a c t i o n  o f  th e  i n i t i a l l y  form ed io n  w ith  s o lv e n t .
B. S o lv o ly se s  In  A c e tic  A cid
Most o f  th e  f e a tu r e s  o b se rv ed  in  80$ e th a n o l s o lv o ly s e s  were 
a g a in  n o te d  in  th e  a c e to ly s e s  o f  c i s -  and t r a n s - 2-m e th o x y - l-e y e lo o c ty l  
£ - to lu e n e s u l f o n a t e s .  The s a l i e n t  f e a tu r e s  o f  th e  a c e t i c  a c id  s o lv o ly se s  
a r e  ( l )  fo rm a tio n  o f  cy c lo o c ta n o n e  a s  th e  m ajo r c a rb o n y l p ro d u c t from 
t r a n s - t o s y l a t e  and c y c lo h e p ta n ec a rb o x a ld eh y d e  a s  th e  m a jo r ca rb o n y l 
p ro d u c t from  c i s - t o s y l a t e ;  (2 ) fo rm a tio n  o f a  much g r e a te r  p e rc e n ta g e  
o f  t r a n s a n n u la r  p ro d u c ts  from  b o th  c i s -  and t r a n s - t o s y l a t e s  as  compared 
w ith  80$  e thanol- s o lv o ly s e s ;  ( 3 ) th e  e f f e c t  o f l i th iu m  p e r c h lo r a te  upon 
a c e to ly s e s  o f  b o th  c i s -  and t r a n s - t o s y l a t e s .
F e a tu re  ( l )  has a lre a d y  b een  d is c u s s e d  in  d e t a i l  in  th e  p re ­
v io u s  s e c t io n .  The same g e n e ra l  c o n s id e r a t io n s  may be a p p l ie d  to  
s o lv o ly s e s  in  a c e t i c  a c id .
The d e s t a b i l i z i n g  e f f e c t  o f  th e  m ethoxy s u b s t i t u e n t  i s  much 
more a p p a re n t in  a c e t i c  a c id  th a n  in  80$ aqueous e th a n o l . T ab le s  IV 
and V show t h a t  t r a n s a n n u la r  p ro d u c ts  make up 80$ o f  th e  p ro d u c ts  from 
t r a n s - t o s y l a t e  s o lv o ly s i s  w ith  and w ith o u t l i th iu m  p e r c h lo r a te  and 80$ 
from  c i s - t o s y l a t e  s o lv o ly s i s  w ith o u t l i th iu m  p e r c h lo r a te .  The p o o re r  
n u c le o p h i le  a c e t i c  a c id  does n o t s u c c e s s f u l ly  a t t a c k  th e  i n i t i a l  c a t io n  
g e n e ra te d  from  e i t h e r  c i s -  o r  t r a n s - t o s y l a t e  b u t  a llo w s i t  t o  undergo 
a  g r e a t e r  d eg ree  o f  t r a n s a n n u la r  h y d r id e  s h i f t  th a n  does th e  more 
n u c le o p h i l ic  e th a n o l-w a te r  medium.
The e f f e c t  o f  l i th iu m  p e r c h lo r a te  was q u i te  s u r p r i s i n g .  The 
fo llo w in g  t a b l e  (T ab le  V i) a g a in  sum m arizes th e  a c e t i c  a c id  s o lv o ly s e s  
o f  c i s -  and t r a n s - t o s y l a t e s  w ith  and w ith o u t added l i th iu m  p e r c h lo r a te .
TABLE VI
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The l i th iu m  p e r c h lo r a te  s o lv o ly s i s  o f  th e  t r a n s - t o s y l a t e  was i n v e s t i ­
g a ted  f i r s t .  The m ajor changes n o ted  w ere in  th e  r e l a t i v e  amounts o f  
4-m e th o x y -l-c y c lo o c te n e  ( 2 ) ,  9“ ° x a b ic y c lo [4 .2 .  l]n o n a n e  (_4), 4 -a c e to x y - 
1 -c y c lo o c te n e  (1 0 ) ,  and 4 -m e th o x y - l-c y c lo o c ty l a c e ta t e  f 1 2 t\ . The 1 ,4 -  
b ic y c l ic  e t h e r  (4 ) and th e  h o m o a lly lic  a c e ta te  ( 10) became m ajor p ro d ­
u c ts  o f  a c e to ly s e s  w ith  l i th iu m  p e r c h lo r a te ,  in c r e a s in g  from  12 and 5$ 
w ith o u t added s a l t  to  43 and  27$> r e s p e c t iv e ly ,  w ith  added l i th iu m  
p e r c h lo r a te .  The o v e r a l l  p e rc e n ta g e  o f  t r a n s a n n u la r  p ro d u c ts  was n o t 
s i g n i f i c a n t l y  a l t e r e d  by added s a l t .
The change in  p ro d u c t d i s t r i b u t i o n  i s  i n t e r p r e t e d  in  term s 
o f  in t im a te  and so lv e n t s e p a ra te d  t r a n s a n n u la r  io n  p a i r s  (Scheme IV ).
SCHEME IV
35
The compounds (2 ) and (jL2t) a r e  c o n s id e re d  to  b e  form ed e x c lu s iv e ly  
from  th e  t r a n s a n n u la r  in t im a te  io n  p a i r ,  A, w hich e x i s t s  i n  e q u i l i ­
b rium  w ith  th e  s o lv e n t  s e p a ra te d  t r a n s a n n u la r  io n  p a i r ,  B. L ith iu m  
p e r c h lo r a t e  scav en g es  t h i s  io n ,  p r e v e n t in g  r e t u r n  to  th e  in t im a te  io n  
p a i r ,  th e re b y  d im in is h in g  th e  r e a c t i o n  p ro d u c ts  o f  th e  l a t t e r  and en ­
h a n c in g  th e  fo rm a tio n  o f  (_4) and ( 1 0 ) .
The s o lv o ly s i s  o f  th e  c i s - t o s y l a t e  e x h ib i t s  s i m i l a r  s e n s i ­
t i v i t y  to w ard s  added l i th iu m  p e r c h l o r a t e .  The s o lv o ly s i s  w ith o u t 
added s a l t  p roduced  5~m etb o x y - l- c y c lo o c te n e  (j^) , 4 6 .8 $ , and 4-m ethoxy- 
l - c y c l o o c t y l  a c e t a t e  ( 1 2 c ) ,  35$» a s  m ajo r p r o d u c ts .  C y c lo h ep tan e - 
c a rb o x a ld e h y d e  (6 ) ,  3 . 0 $ , and 4- a c e to x y - l - c y c lo o c te n e  ( 10 ) , 2 . 2$ , con­
s t i t u t e d  th e  m inor p r o d u c ts .  A d d it io n  o f  l i th iu m  p e r c h lo r a te  in c r e a s e d  
th e  p e rc e n ta g e s  o f  (6 ) and ( 10 ) a t  th e  ex p en se  o f  p ro d u c ts  ( ^ )  and ( 12c ) . 
An i n t e r p r e t a t i o n  o f  t h i s  phenomenon i s  i l l u s t r a t e d  in  Scheme V on th e  
fo l lo w in g  page . B oth  th e  i n i t i a l l y  form ed and th e  t r a n s a n n u la r  io n s  
may e x i s t  a s  in t im a te  and s o lv e n t - s e p a r a te d  io n - p a i r s  in  a c e t i c  a c id .  
A d d itio n  o f  l i th iu m  p e r c h lo r a te  scav en g es  b o th  i n i t i a l l y - f o r m e d  and 
t r a n s a n n u la r  s o lv e n t - s e p a r a te d  io n  p a i r s .  S caveng ing  th e  s o lv e n t -  
s e p a ra te d  i n i t i a l  io n  enhances th e  fo rm a tio n  o f  c y c lo h e p ta n e c a rb o x -  
a ld e h y d e , a  re a rra n g e m e n t p ro d u c t o f  th e  2 -m e th o x y c y c lo o c ty l c a t i o n .  
A lth o u g h  th e  e x a c t r o u te  to  4 -m e th o x y - l-c y c lo o c te n e  h a s  n o t b een  com­
p l e t e l y  e lu c i d a t e d ,  i t  m u s t, v id e  i n f r a , a r i s e  from  a  t r a n s a n n u la r  
s o lv e n t - s e p a r a te d  s p e c ie s .  S cav en g in g  t h i s  s p e c ie s  d e c re a s e s  th e  
e x te n t  o f  r e tu r n  to  in t im a te  t r a n s a n n u la r  i o n - p a i r s , d im in is h in g  th e  
amount o f  5-m e th o x y - l-c y c lo o c te n e  (an  in t im a te  i o n - p a i r  p r o d u c t ) ,  and 
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A lth o u g h  c l s - c y c lo o o te n e  o x id e  does n o t s o lv o ly z e  In  a c e t i c  
a c id  a t  60° , 3S th e  a c c u m u la tio n  o f  £ - to l u e n e s u l f o n ic  a c id  d u r in g  s o l ­
v o ly s i s  c o u ld  e f f e c t  th e  p r o to n a t io n  and su b se q u e n t r in g  o p en in g  o f  
th e  ep o x id e  and  th e re b y  g e n e r a te  th e  o b se rv ed  p r o d u c ts .  To in v e s ­
t i g a t e  t h i s  p o s s i b i l i t y ,  c i s - c y c lo o c te n e  o x id e  was s o lv o ly z e d  w ith  
e q u im o la r  am ounts o f  jv - to lu e n e s u lf o n ic  a c id  m onohydrate  and a c e t i c  
a n h y d rid e  i n  d ry  a c e t i c  a c i d .  The p ro d u c t d i s t r i b u t i o n s  w hich  a r e  to  
b e  com pared w ith  th o s e  from  c i s -  and t r a n s - 2 -m e th o x v c y c lo o c ty l t o s y l a t e  
s o lv o ly s e s  a r e  sum m arized i n  T a b le  V II .
TABLE V II
SOLVOLYSIS OF cis-CYCLOOCTENE OXIDE IN ACETIC ACID 
WITH ADDED £ -  TOLUENESULFONIC ACID AT 60°
Compound
g lp c  A rea  $  
W ithou t L1C104
g lp c  A rea  #  
w ith  L iC l0 4
9 - o x a b ic y c lo  [  4 . 2 , 1 ]nonane 5 .5 1 2 .5
c i s - c y c lo o c te n e  o x id e 0 .0 2 .7
c y c lo o c ta n o n e 11 .0 7 .0
J+- ac  e  t  oxy cy c 1 ooc t  ene 2 7 .6 ¥ ) .0
1 ,2 - d la c e to x y c y c lo o c ta n e 2 7 .7 6 .1
u n i d e n t i f i e d 1 0 .0 7 .9
u n id e n t i f i e d 1 8 .2 2 3 .0
The f i r s t  fo u r  com ponents a re  a l s o  o b ta in e d  from  th e  s o l ­
v o ly se s  o f  the  t r a n s - t o s y l a t e , b u t th e  l a s t  th r e e  com ponents w ere n o t 
d e te c te d  in  th e  s o lv o ly s i s  o f  e i t h e r  c i s -  o r  t r a n s - t o s y l a t e s . The 
two u n id e n t i f i e d  com ponents a r e  v e ry  p ro b a b ly  iso m eric  t r a n s a n n u la r  
d i a c e t a t e s  whose g lp c  r e t e n t i o n  tim es w ere lo n g e r  ahan  any com ponents 
o b ta in e d  from t o s y l a t e  s o lv o ly s e s .  S p e c ia l  e f f o r t s  to  d e te c t  t r a n s -
1 , 2-d ia c e to x y c y c lo o c ta n e  o r  com ponents c o rre sp o n d in g  to  th e  two un­
i d e n t i f i e d  compounds in  th e  s o lv o ly s i s  m ix tu re s  o f  c i s - o r  t r a n s - 
to s y la t e s  w ere u n s u c c e s s fu l .  From th e s e  o b s e r v a t io n s ,  i t  seemed th a t  
c i s - c y c lo o c te n e  o x id e  was n o t an  in te rm e d ia te  w hich , th ro u g h  secondary  
r e a c t i o n s ,  le d  to  th e  o b serv ed  p ro d u c ts .
CHAPTER IV
ADDENDUM
A. A ttem pted  P r e p a r a t io n  o f  c i s -2 -M eth o x y -1 -C y c lo o c ta n o l: A N ovel
R earrangem ent
t h e s i s  o f  2 -m e th o x y - l-c y c lo o c ta n o l was a  W illiam so n  s y n th e s is  u s in g  
sodium  m e ta l ,  c i s - 1 ,2 - c y c lo o c ta n e d io l , and m ethy l io d id e .  The ex­
p e c te d  r e a c t io n s  a re  i l l u s t r a t e d  below .
1 . E x p e rim en ta l P ro ced u re
To a  s o lu t io n  o f  c i s -1 ,2 - c y c lo o c ta n e d io l  (4 .0  g , 0 .0 2 8  m ole) 
in  60 ml o f  to lu e n e  was added 0 .6 4  g (0 .0 2 8  m ole) o f f r e s h ly  c u t  
sodium m e ta l ,  and th e  m ix tu re  was h e a te d  to  100°. The sodium  d is s o lv e d  
in  ab o u t 3 h r s ,  a f t e r  w hich th e  m ix tu re  was a llo w ed  to  s ta n d  f o r  an  ad­
d i t i o n a l  2 h r s .  F r e s h l y - d i s t i l l e d  m ethy l io d id e  (4 .0  g , 0 .0 2 8  m ole) 
was added d ropw ise  from  a p i p e t t .  A f te r  2 -3  h r s ,  a  c o n s id e ra b le  amount 
o f  p r e c i p i t a t e  (N al) had  form ed. The r e a c t io n  m ix tu re  was worked up 
by ad d in g  w a te r  and e x t r a c t i n g  w ith  p e n ta n e . The p en tan e  e x t r a c t  was 
d r ie d  (NagSO^ and c o n c e n tra te d  v i a  r o t a r y  vacuum e v a p o ra tio n . The c rude  
m ix tu re  was f i r s t  a n a ly z e d  on a  1 0 ' X 1 /8 "  gas ch ro m atog raph ic  Carbowax




20M colum n (10% on F i r e b r ic k )  a t  170° C. T h is  a n a ly s is  in d i c a t e d  
t h r e e  com ponents ( o t h e r  th a n  to lu e n e )  w ith  r e t e n t i o n  tim es  o f  10 min­
u te s  (A ), 1 4 .7  m in u te s  (B ), and  1 5 .4  m in u te s  ( c ) , th e  l a t t e r  two com­
p o n e n ts  o v e r la p p in g  each  o th e r .  An a u th e n t ic  sam ple o f  t r a n s - 2 -  
m e th o x y - l- c y c lo o c ta n o l  ch rom atog raphed  u n d e r t h e  same c o n d i t io n s  had 
a r e t e n t i o n  tim e  o f  1 4 .5  m in u te s , w hich c o rre sp o n d e d  to  com ponent (B ). 
The g lp c  a re a  p e rc e n ta g e s  w ere 57$  (com ponent A) and 45# (com ponents 
B and C ) .
T h is  m ix tu r e  was p a r t i a l l y  s e p a ra te d  i n t o  two f r a c t i o n s  on 
a 9 '  X 5 /8 "  Carbowas 20M p r e p a r a t iv e  gas c h ro m a to g ra p h ic  co lum e; 
f r a c t i o n  one c o n ta in e d  component A , and f r a c t i o n  two c o n ta in e d  com­
p o n e n ts  B and C. E lem en ta l a n a ly s e s  and nmr s p e c t r a l  d a ta  o b ta in e d  
& r b o th  f r a c t i o n s  a r e  sum m arized below .
Component A, nmr (CDC13 ) 6 5 .5 2  ( s ,  5 , CH3- 0 - ) ,  5 -1 0  ( s ,  2 , 
-0 -C H a ), 2 .2 1  ( s ,  1 ,  -OH), I .5 2  (m, 12 , -CHs,- e n v e lo p e ) .
A n a l. C a lcd  f o r  C9H1Q0 a : C, 6 8 .5 5 ;  H, 1 1 .4 7 . Found: C,
6 8 .0 5 ;  H, 1 1 .1 9 .
Components B and C, co m p o site  d a t a ,  nmr (CDC13 ) 6 5*80 (m,
1 , R O -C -H ), 5 . 5O ( s ,  5 , C H 3-O -), 5 . I 5 (m, 1 , R O -C -H ), 5*40 ( s ,  1 , -OH), 
1 .5 2  (m, 12, -CH2-  e n v e lo p e ) .
A n a l. C a lcd  f o r  C9Hi a 0 2 : C, 6 8 .5 3 ;  1 1 .4 7 . Found: C,
6 7 .9 3 ;  H, 1 1 .1 9 .
2 . D is c u s s io n  o f  R e s u lts
The v e ry  s im i l a r  e le m e n ta l  a n a ly s e s  s t r o n g ly  s u g g e s te d  th a t  
a l l  compounds w ere  iso m e rs . The s im p l i c i ty  o f  th e  nmr sp e c tru m  o f
ill
com ponents 8 and C su g g e s te d  t h a t  th e s e  tw o w ere p o s s ib ly  g e o m e tr ic a l  
I s o m e rs . Component A was c o n s id e re d  to  have  one o f  two s t r u c t u r e s :
OH 
OCH3
I  I I
w h ile  B and C w ere c o n s id e re d  t o  be  th e  e l s -  and t r a n s -2 -m e th o x y -1- 
c y c lo o c ta n o ls .  Compound A r e p r e s e n t s  a  n o v e l r in g  c o n t r a c t i o n  r e a c t i o n ,  
one w hich  h a s  n o t ,  t o  th e  a u t h o r 's  k now ledge, b een  p r e v io u s ly  r e p o r t e d .
F u r th e r  i n s i g h t  i n to  t h i s  re a rra n g e m e n t was o b ta in e d  from  
th e  s u c c e s s f u l  s y n th e s i s  o f  c i s - 2-m e th o x y - l - c y c lo o c ta n o l  u s in g  c i s - 1 , 2-  
c y c lo o c ta n e d io l  and sodium  h y d r id e .
a 
a
T h is  r e a c t i o n ,  d e s ig n e d  to  p ro d u ce  th e  same in te r m e d ia te  m ono-anion  
a s  t h a t  o f  th e  sodium  m e ta l r e a c t i o n ,  ( 1 ) d id  n o t r e s u l t  in  any d e t e c t ­
a b le  re a rra n g e m e n t p r o d u c t ,  (2 ) d id  n o t  p ro d u ce  any t r a n s -m ethoxy a lc o h o l ,  
{3 ) may have p ro d u ced  th e  d ia n io n  o f  th e  s t a r t i n g  d i o l  a s  Im p lied  by 
th e  fo rm a tio n  o f  c i s - 1 . 2 -d im e th o x y c y c lo o c ta n e  p ro d u ced  in  an  a p p ro x i­
m a te ly  1 :1  r a t i o  a lo n g  w ith  c i s -2 - m e th o x y - l - c y c lo o c ta n o l .  (T h is  l a s t  
ite m  i s  d is c u s s e d  f u r t h e r  in  a  l a t e r  p a ra g r a p h .)
OH /  X ^  OH-  P r ”+  NaH ------------ >  I I +  Hsroom tem p. I I _ a*
°H \  / *+ 0 Na®
OH
+ CH3 I  ^-• -•Or * Cx"0 Na® X  OCH3 \  /  OCHs
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The o b s e rv a t io n s  o u t l in e d  above le d  to  th e  fo llo w in g  c o n c lu ­
s io n s :  ( l )  s in c e  th e  sodium  h y d r id e  r e a c t io n  i s  known to  p roceed
i o n i c a l l y j 33 th e  m echanism  f o r  th e  r in g  c o n t r a c t io n  i n  th e  sodium 
r e a c t io n  i s  p ro b a b ly  n o t i o n i c ,  b u t r a d i c a l  in  n a tu r e ;  ( 2 ) th e  d ia n io n  
i s  p ro b a b ly  produced  in  b o th  r e a c t io n s ,  b u t  s u f f e r s  a  d i f f e r e n t  f a t e  
in  th e  p re se n c e  o f  sodium ; (5 ) any m echanism  proposed  f o r  r in g  con­
t r a c t i o n  m ust a l s o  in v o lv e  an e p im e r iz a t io n  s te p  to  e x p la in  th e  p ro ­
d u c tio n  o f  b o th  c i s -  and t r a n s - methoxy a lc o h o ls .  A p o s s ib le  mechanism 
i s  i l l u s t r a t e d  on th e  fo llo w in g  p ag e . T h is  mechanism h as  n o t been  
f u r th e r  i n v e s t i g a t e d ,  b u t  a t  l e a s t  th r e e  consequences o f  such a 
mechanism may be en u m erated , ( l )  The m echanism  in d ic a te s  th a t  b o th  
c i s -  and t r a n s - d io l s  sh o u ld  g iv e  th e  same rea rra n g em e n t p ro d u c ts ,  p o s­
s ib ly  in  d i f f e r e n t  p r o p o r t io n s .  (2 ) The rea rra n g em e n t sh o u ld  be i n i ­
t i a t e d  by sm a ll am ounts o f  sodium  on th e  d ia n io n ic  s p e c ie s :  ,
once th e  d ia n io n  i s  fo rm ed , m in u te  q u a n t i t i e s  o f  sodium  sh o u ld  e f f e c t  
re a rra n g e m e n t. ( 3 ) R a d ic a l i n h i b i t o r s ,  s t a b l e  to  d eco m p o s itio n  by 
sodium sh o u ld  i n h i b i t  re a rra n g e m e n t.
E p im e r iz a tio n  sh o u ld  o ccu r from  th e  r a d i c a l  s p e c ie s  formed 
in  e q u a tio n  ( 2) .
PROPOSED MECHANISM FOR THE RING CONTRACTION OF 
c l s - 1 .2 - CYCLOOCTANEDIOli IN THE PRESENCE OF SODIUM METAL
‘ C£+ OT = 05>CC 
-•05-+ Na —- 05+ ̂ +
3.OS- -----   o r-
«■ or—o$°'+ os-
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An a tte m p t was made to  d e te rm in e  th e  p o in t  a t  w hich r i n g  c o n t r a c t io n  
o c c u r re d  by qu en ch in g  th e  r e a c t io n  o f ; t h e  d i o l  and sodium  w ith  w a te r  
b e fo re  a d d i t io n  o f  m e th y l io d id e .  The com ponents form ed w ere n o t 
th o ro u g h ly  c h a r a c t e r i z e d ;  t h e r e f o r e ,  d e f i n i t e  c o n c lu s io n s  w ere n o t 
p o s s ib l e .  An a l t e r n a t i v e  m echanism  f o r  fo rm a tio n  o f  1 ,2 -  
d im e th o x y c y c lo o c ta n e  w hich  h as  n o t b e en  r u le d  o u t i s  o u t l in e d  below :
T h is  m echanism  does n o t r e q u i r e  fo rm a tio n  o f a  d ia n io n ic  s p e c i e s ,  an d , 
w ith o u t  e v id en c e  to  th e  c o n t r a r y ,  c an n o t be  d is r e g a r d e d .  T h is  mech­
an ism  h as  one weak p o in t .  I t  does n o t become im p o r ta n t u n t i l  a f t e r  
m e th y l io d id e  h as  been  added  to  th e  r e a c t io n  m ix tu re . I t  does n o t 
seem l i k e l y  t h a t  th e  m onoanion o f  c i s - 1 , 2- c y c lo o c ta n e d io l  would be 
much more e f f e c t i v e  in  a b s t r a c t i n g  a  p ro to n  from  th e  m ethoxy a lc o h o l  
th a n  from  a n o th e r  m onoanion ic  s p e c ie s .
i t  i s  hoped t h a t  su b se q u e n t i n v e s t i g a t o r s  w i l l  c o m p le te ly  e lu c i d a te  
t h i s  re a r ra n g e m e n t.
I
The d e t a i l s  o f  t h i s  r e a c t io n  have  y e t  to  be  worked o u t ,  and
CHAPTER V 
EXPERIMENTAL
The 60 MHz nmr s p e c t r a  w ere o b ta in e d  u t i l i z i n g  te t r a m e th y l-  
s i l a n e  as  i n t e r n a l  s ta n d a rd  w ith  a  V a ria n  A s s o c ia te s  Model A-60-A 
s p e c tro m e te r .  The 100 MHz s p e c t r a  w ere run  by Mr. G regory W hite and 
Mr. W illiam  Wegner w ith  a  V arian  A s s o c ia te s  Model HA-100 s p e c tro ­
m e te r . I n f r a r e d  s p e c t r a  w ere d e te rm in ed  w ith  a  P e rk in -E lm er I n f r a c o r d ,  
Model 137 s p e c tro p h o to m e te r . M e ltin g  p o in ts  w ere ta k e n  w ith  open 
c a p i l l a r y  tu b e s  in  a  Thomas-Hoover m e lt in g  p o in t  a p p a ra tu s  and a re  
u n c o r re c te d .  M ic ro an a ly ses  were perfo rm ed  by Mr. R alph Seab a t  
L o u is ia n a  S ta t e  U n iv e r s i ty .  A n a ly t ic a l  gas chrom atography was p e r ­
form ed w ith  a  H ew le tt-P ack a rd  Model 700 flam e i o n i z a t io n  chrom atograph  
by u se  o f  a  10* x 1 /8 "  aluminum tu b e  packed w ith  10$ Carbowax 20M on 
Chromosorb W, 80/100 m esh, o r  a 9 ' x  1 /8 "  aluminum tu b e  packed w ith  
10$ XF-1150 (S i l ic o n e  N l t r i l e )  on Chromosorb W, 8Q/100 mesh. An 
A erograph A utoprep  Model A -700 in s tru m e n t ,  equ ipped  w ith  a  1 0 ' x 3 / 8" 
aluminum tu b e  packed w ith  10$ Carbowax 20M on Chromosorb W, 60 /80  m esh, 
was u sed  f o r  p r e p a r a t iv e  gas ch rom atog raphy . C om m ercially  a v a i l a b le  
cy c lo o c ta n o n e  o b ta in e d  from  A ld r ic h  Chem ical Company was used  w ith o u t 
f u r th e r  p u r i f i c a t i o n  f o r  g lp c  and nmr co m p ariso n s . C yclodecane ob­
ta in e d  from  Colum bian C arbon was d i s t i l l e d  b e fo re  u s e  as  an i n t e r n a l  
s ta n d a rd .  The a u th o r  g r a t e f u l ly  acknow ledges th e  g i f t  o f  an a u th e n t ic  
sam ple o f  c y c lo h e p ta n ec a rb o x a ld eh y d e  from  Mr. R onald L i l i e n t h a l .
1*6
A. S y n th e s is  o f  c i s -  and t r a n s -2 -M eth o x y cy c lo o c ty l jD -T o lu en esu lfo n a tes
1. c i s -C y c lo o c ten e  O xide34
C om m ercially  a v a i l a b le  c l s -c y c lo o c te n e  (55*0 S> O .5O m ole) 
was d is s o lv e d  i n  500 ml o f  a b s o lu te  m ethano l a lo n g  w ith  5 2 .5  g 
(0 .5  m ole) o f  b e n z o n i t r i l e .  To t h i s  s o lu t io n  was added , w ith  c o o l in g ,
52 .5  S (0*50 m ole) o f  30$ hydrogen  p e ro x id e . A d d it io n a l  p e ro x id e  was 
added i f ,  a f t e r  2 k h r s , a l l  o l e f i n  and b e n z o n i t r i l e  had n o t b een  con­
sumed. The m ethano l was e v a p o ra te d  u n d er vacuum , and th e  r e s id u e  o f 
s o l id  benzam ide was f i l t e r e d .  The f i l t r a t e  was d i lu te d  w ith  100 ml 
o f  c h lo ro fo rm , washed w ith  th r e e  p o r t io n s  o f  warm ( 60° )  w a te r ,  and 
d r ie d  (MgS04) . A f te r  f i l t r a t i o n  o f th e  d ry in g  a g e n t and any rem ain in g  
benzam ide, th e  s o lu t io n  was c o n c e n tra te d  and d i s t i l l e d  to  y ie ld  i 8 .5  g 
(77$) o f  c i s -c y c lo o c te n e  o x id e ,  bp 106- 108°  ( 5O -5I  mm) [ l i t .  b p ,
90 -95° (5 7 m m ).]
2 . t  r a n s - 2-Me th o x y c y c lo o c ta n o l3 5
c i s -C y c lo o c ten e  o x id e  ( 25 .2  g , 0 .2 0  m ole) was d is s o lv e d  in  
I 5O ml o f  a b s o lu te  m ethano l and added to  a  s o lu t io n  o f 30 S 98$ 
b o ro n  t r i f l u o r i d e  e t h e r a t e  i n  100 ml o f  m e th a n o l. C ooling  was no t 
n e c e s sa ry  f o r  t h i s  a d d i t io n  s in c e  l i t t l e  te m p e ra tu re  change was ob­
s e rv e d . The epox ide  a d d i t io n  was com plete  i n  30  m in u te s . The s o lu ­
t i o n  was s t i r r e d  f o r  2 h r s  and a llow ed to  s ta n d  f o r  2k h r s .  The mix­
tu r e  was c o o led  in  an  i c e  b a th  and was n e u t r a l i z e d  w ith  2 1 .0  g 
(0 .2 0  m ole) o f  d ie th a n o la m in e  [ b i s (2-h y d ro x y e th y l)a m in e ]  d is s o lv e d  in  
20 ml o f  m e th an o l. The m ethano l was removed by  r o ta r y  e v a p o ra t io n  
and th e  r e s u l t a n t  tw o -la y e re d  m ix tu re  was p o u red  in to  $00 ml o f  w a ter
and e x t r a c t e d  w ith  t h r e e  75 ml p o r t i o n s  o f  e t h e r .  The e th e r  e x t r a c t  
was w ashed tw ice  w ith  w a te r ,  d r ie d  o v e r  sodium  s u l f a t e ,  c o n c e n tr a te d  
and d i s t i l l e d  to  g iv e  28 g (88%) o f  t r a n s - 2 -m e th o x y c y c lo o c ta n o l, bp 
53° ( 0 .4  mm); nmr (CC14) 6 3 -50  (m, 1 , H-C-OR), 3 . 3 I  ( s ,  3 ,  -OCH3 ) ,
3 .0 5  (m, 1 , H-C-OR), 1 .6 0  (m, 1 2 , -CHg- e n v e lo p e ) .
3 . t r a n s -2 -M e th o x y c y c lo o c ty l j j - T o lu e n e s u lfo n a te
t r a n s -2 -M e th o x y c y c lo o c ta n o l ( 5 .0  g , O.O3 I  m ole) was d is s o lv e d  
in  50 m l o f  d ry  p y r id i n e .  To t h i s  c l e a r ,  c o l o r l e s s  s o lu t io n  was add ed , 
a l l  a t  o n c e , 1 0 .0  g (0 .5 0  m ole) o f  r e c r y s t a l l i z e d  j j - to lu e n e s u l f o n y l  
c h l o r i d e .  The y e l lo w is h  m ix tu re  was sh aken  a t  5-m in u te  i n t e r v a l s  f o r  
a b o u t 30  m in u te s , a llo w e d  to  s e t  a t  room te m p e ra tu re  f o r  one h o u r ,  and 
s to r e d  i n  a  f r e e z e r  o v e r n ig h t .  The s o lu t io n  c o n ta in in g  c r y s t a l s  o f  
p y r id in e  h y d ro c h lo r id e  was th e n  p o u re d  in to  300 g o f  i c e  w a te r .  The 
v is c o u s  o i l  w hich s e p a r a te d  was a g i t a t e d  w ith  a  s t i r r i n g  ro d  f o r  abou t 
5 t o  10 m in u te s ,  a f t e r  w hich c r y s t a l l i z a t i o n  o f  th e  t o s y l a t e  o c c u r r e d .  
A f t e r  t h e  c r y s t a l s  w ere  c ru sh e d  w i th  a  s t i r r i n g  r o d ,  th e y  w ere  f i l ­
t e r e d ,  th o ro u g h ly  w ashed w ith  c o ld  w a te r  and w i th  c o ld  ( -2 0 °  C) p e t r o ­
leum  e t h e r  ( 3O -6O0 ) , and  d r ie d  i n  a  vacuum d e s i c c a t o r .  These c r y s t a l s  
w ere p u re  w h ite  and s u f f i c i e n t l y  p u re  f o r  u se  i n  s o lv o ly s l s  r e a c t i o n s .  
T h e re  was o b ta in e d  7  g (72$) o f  t r a n a -2 -m e th o x y c y c lo o c ty l j j - to lu e n e -  
s u l f o n a t e ,  mp 5I - 520 ; nmr (CDCla ) 5 7*50 (m, 4 , a ro m a tic  r i n g  p r o to n s ) ,  
i f .55 (m, 1 , H-C0S02- ) ,  3*22 (m, 1 ,  H-COCH3 ) , 3 .0 0  ( s ,  3 , OCHa) , 2 .4 3  
( s ,  3 ,  C6H4CH3 ) , 1 .6 9  (m, 12 , CHS e n v e lo p e ) .  A n a l . C a lcd . f o r  
C ieH240 4S: C, 6 1 .5 2 ;  H , 7 .75* Found: C, 6 1 .1 4 ;  H, 7*79*
1+8
It. c is - 1 ,2 -C y c lo o c ta n e d io l36
A s o lu t io n  o f  c i s -c y c lo o c te n e  (2 2 .0  g , 0 ,2 0  m o le ) , t e r t -  
b u ty l  a lc o h o l (TOO m l) ,  and w a te r  (TOO m l) was co o led  to  - 5° .  A 
s e p a ra te  s o lu t io n  o f  p o ta ss iu m  perm anganate  (4 6 .4  g , 0 .3 0  m o le ) , 
w a te r  (1 l i t e r )  and sodium h y d ro x id e  (10 g) was co o led  to  0 ° .  The 
perm anganate s o lu t io n  was th e n  added a l l  a t  once to  th e  o l e f i n  s o lu ­
t i o n .  Im m ediate p r e c i p i t a t i o n  o f  m anganese d io x id e  o c c u r re d . The 
m ix tu re  was s t i r r e d  m a g n e t ic a lly  f o r  1 h r .  The c o ld  s o lu t io n  was 
f i l t e r e d  by s u c t io n  th ro u g h  a  bed o f  g la s s  w oo l, C e l i t e  f i l t e r  a id ,  
and f i l t e r  p ap e r to  remove th e  m anganese d io x id e . The volume o f s o lu ­
t i o n  was reduced  from  2000 ml to  5^0 m4 by r o ta r y  e v a p o ra t io n . The 
w a te r -a lc o h o l  s o lu t io n  was th e n  e x t r a c te d  w ith  f iv e  100 ml p o r t io n s  o f 
w a te r  and d r ie d  w ith  anhydrous magnesium s u l f a t e .  Removal o f  th e  
e th e r  so lv e n t gave 10 g o f  c ru d e  y e llo w  c r y s t a l s .  R e c r y s t a l l i z a t i o n  
from e th y l  a c e ta te  gave 8 g ( 29$) o f c i s - 1 ,2- c y c lo o c ta n e d io l , w h ite  
p l a t e s ,  mp T8-79° ( l i t .  mp, TT-5"T90 )-
5 . c i s - 2-M eth o x y cy c lo o c tan o l37
c i s - 1 , 2 -C y c lo o c ta n e d io l (9*35 O.O65 m ole) was d is s o lv e d
in  400 ml o f  d ry  te t r a h y d ro fu r a n  (THF; p re d r ie d  o v e r ca lc iu m  h y d r id e  
and d i s t i l l e d  u n d e r n i t r o g e n  from  l i th iu m  aluminum h y d r id e ) .  A s lu r r y  
o f  100 ml o f  THF and 2 .8 4  g o f  sodium h y d r id e  as  a  57$ o i l  d is p e r s io n  
(1 .6 2  g , O.065  m ole) was r a p id ly  s t i r r e d  w ith  a  m ech an ica l s t i r r e r  in  
a  25O ml p re s s u re  e q u a liz e d  a d d i t io n  fu n n e l .  T h is  s l u r r y  was added to  
th e  d io l  s o lu t io n  d u r in g  one h o u r , and th e  m ix tu re  was s t i r r e d  f o r  an 
a d d i t io n a l  h o u r . R e d i s t i l l e d  m ethy l io d id e  (8 .5  g ,  O.O65 m ole) was
added  to  th e  m ix tu re ,  w h ich  was th e n  h e a te d  a t  60° f o r  1 h r .  The THF 
s o l u t i o n  was t r a n s f e r r e d  to  a  1 l i t e r  round  b o tto m  f l a s k  and was 
vacuum e v a p o ra te d  to  a  volume o f  a b o u t 100 m l. T h is  s o lu t io n  was 
p o u red  i n t o  5^0 ml o f  w a te r  and e x t r a c t e d  fo u r  tim e s  w ith  100 ml p o r­
t i o n s  o f  e th y l  e t h e r .  The e th e r  e x t r a c t  was washed w ith  two 100 ml 
p o r t i o n s  o f  w a te r  and was d r ie d  o v e r  sodium  s u l f a t e  o v e rn ig h t  (a b o u t 
12 h r s ) .  The e th e r  s o lu t io n  was rem oved by vacuum e v a p o r a t io n ,  and 
th e  s o l u t i o n  was d i s t i l l e d  to  g iv e  f o u r  im pure f r a c t i o n s ,  bp 48-70°
( 0 .1  mm). R e d i s t i l l a t i o n  o f  t h i s  m ix tu re  gave fo u r  im pure f r a c t i o n s ,  
bp 80- 98°  (5  ™ )*  f i r s t  two f r a c t i o n s  (bp 8O-830 ) w ere l a r g e ly
c i s - 1 ,2 -d im e th o x y c y c lo o c ta n e . The l a t t e r  f r a c t i o n s  (bp  9^“9 8 °) w ere 
l a r g e l y  (7 3 $  g lp c  p u r i t y )  c i s -2 -m e th o x y c y c lo o c ta n o l. P u re  m onoether 
was o b ta in e d  by ch ro m a to g rap h in g  th e  l a t t e r  f r a c t i o n s  th ro u g h  a  
3 '  X 1 /2 "  S i l i c a  G e ll "G" colum n w ith  p e tro le u m  e t h e r - e t h y l  a c e t a t e  
(9 0 /1 0  v /v $ )  and was u sed  in  t h i s  form  w ith o u t f u r t h e r  p u r i f i c a t i o n  
f o r  su b se q u e n t r e a c t i o n s .  T here  was o b ta in e d  3 .6 2  g (3 8 .7 $ )  o f  c i s - 2-  
m e th o x y c y c lo o c ta n o l;  nmr (CDC13 ) 6 3*91 (m» 1> H-C0R), 3*35 ( s > 3> 
-OCH3 ) ,  3 .3 5  (m, 1 , H-C0R), 2 .3 8  ( s ,  1 ,  OH), I .5 8  (m, 1 2 , CH2 r in g  
e n v e lo p e ) .  A n a l. C a lc d . f o r  CgH180 2 : C, 6 8 .2 7 ;  H, 1 1 .4 7 ; Found:
C, 6 7 .9 3 ;  H, 1 1 .5 0 .
6 . c i s -2 -M e th o x y c y c lo o c ty l j> -T o lu e n e su lfo n a te
c i s - 2-M e th o x y cy c lo o c tan o l ( 2 .3 4  g ,  0 .0 1 5  m o le) was d is s o lv e d  
i n  50 ml o f  d ry  p y r id in e .  To t h i s  c l e a r ,  c o l o r l e s s  s o lu t io n  was a d d ed , 
a l l  a t  o n c e , 5 -7  g (0 .0 3  m o le) o f  j j - to lu e n e s u l f o n y l  c h lo r id e .  The 
m ix tu re  was s w ir le d  f o r  f i v e  m in u te s  to  d is s o lv e  th e  s o l i d ,  a llo w e d  to
s ta n d  f o r  one h o u r a t  room te m p e ra tu re ,  and s to r e d  In  a f r e e z e r  a t  
-1 0 °  o v e r n ig h t .  The n e x t m orn ing  th e  s o l u t i o n ,  w hich c o n ta in e d  
c r y s t a l s  o f  p y r id in e  h y d r o c h lo r id e ,  was p o u red  i n t o  300 S i ce  w a te r .  
The v is c o u s  o i l  w hich s e p a r a te d  was a g i t a t e d  w ith  a  s t i r r i n g  ro d  f o r  
JO m in u te s ,  b u t  c r y s t a l l i z a t i o n  d id  n o t o c c u r .  The o i l  was d is s o lv e d  
i n  two 50 ml p o r t io n s  o f  c h lo ro fo rm . The c h lo ro fo rm  s o lu t io n  was 
w ashed w ith  two c o ld  20 m l p o r t io n s  o f  10$  h y d ro c h lo r ic  a c id ,  w ith  
t h r e e  50 ml p o r t i o n s  o f  w a te r ,  w ith  25 ml o f  10$  sodium  b ic a r b o n a te  
s o l u t i o n ,  and f i n a l l y  w ith  50 ml o f  w a te r .  I t  was d r ie d  (Na^S04 ) 
o v e rn ig h t  in  a  r e f r i g e r a t o r  and th e n  was c o n c e n tr a te d  a t  5O0 w ith  a  
vacuum pump a t ta c h e d  to  th e  r o t a r y  e v a p o r a to r  th ro u g h  a  d ry  ic e - a c e to n e  
c o ld  t r a p .  In  t h i s  way th e  c h lo ro fo rm  was r a p id ly  s t r ip p e d  o f f  b e fo re  
th e rm a l d e c o m p o s itio n  o f  th e  s u l f o n a te  e s t e r  c o u ld  o c c u r . T h e re  was 
o b ta in e d  3 .0  g ( 65$) o f  c i s -2 -m e th o x y c y c lo o c ty l t o s y l a t e :  nmr (CDC13 )
6 7 .5 8  (m, h ,  a ro m a tic  r i n g  p r o to n s ) ,  4 .8 0  (m, 1 , H-C-0S02- ) ,  3 -4 5  (m,
1 , H-COCH3 ) , 3 .2 7  ( s ,  3 ,  OCH3 ) ,  2 .4 3  ( s ,  3 ,  -C 6H4CH3 ) ,  1 .5 0  (m, 1 2 ,
CH2 r in g  e n v e lo p e ) .
B. S y n th e s is  o f  c i s -  and t r a n s - 2 -M e th o x y cy c lo o c ty l A c e ta te s
1 . 2-M e th o x y cy c lo o c tan o n e
The p ro c e d u re  u se d  was a d a p te d  from  O rg an ic  S y n th e s i s .
28  ( I 966 ) ,  w hich  d e s c r ib e s  th e  chrom ic  a c id  o x id a t io n  o f  c y c lo o c ta n o l  
t o  c y c lo o c ta n o n e  in  a c e to n e .  One change  in  th e  p ro c e d u re  was m ade.
The a d d i t io n  o f  th e  ch rom ate  s o lu t io n  had  to  be  te rm in a te d  a f t e r  th e  
c a l c u l a t e d  s to ic h io m e t r ic  amount was a d d ed . S in c e  th e  r e a g e n t  c o n tin u e d
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t o  r e a c t  w ith  th e  m ethoxy k e to n e  to  p ro d u ce  an  o rg a n ic  a c id ,  ( a s  y e t  
u n c h a r a c t e r i z e d ) , a  c o lo r  change (g re e n  to  y e llo w ) was n o t  p ro duced  
u n t i l  t h i s  unw anted  sec o n d a ry  r e a c t i o n  was c o m p le te . The r e s t  o f  th e  
p ro c e d u re  was fo llo w e d  e x a c t ly  to  y i e l d  4 .9  S ( 63$) °£  a  d ® 3 *', c o lo r ­
l e s s  l i q u i d ,  bp 5O -5I 0 ( 0 .4  mm), i r  (n ea t) 1710 (C=0 ) and 1100 cm"1 
( e th e r  C-O-C asym m etric  s t r e t c h ) ;  nmr (CDC13 ) 8 3*82 (d d , 1 ,  H-COCH3 ) ,
3 .5 8  ( s ,  3 , OCH3 ) ,  2 .5 0  (m, 2 ,  0=C-CH2 ) , 1 .7 5  (“ > 10 , CH2 e n v e lo p e ) .
2 . L ith iu m  Aluminum H ydride  R e d u c tio n  o f  2 -M eth o x y cy c lo o c tan o n e  
A b so lu te  e th y l  e t h e r  (100 m l) was c h a rg e d  in to  a  300 ml 
th r e e -n e c k  ro u n d  bo tto m  f l a s k  eq u ip p ed  w ith  m a g n e tic  s t i r r e r  b a r ,  con­
d e n se r  w ith  d ry in g  tu b e ,  gas i n l e t  a d a p te r  and d ro p p in g  f u n n e l .  A slow  
n i t r o g e n  f lo w  th ro u g h  th e  f l a s k  was em ployed w h ile  l i th iu m  alum inum  
h y d r id e ,  (LAH, I .9 8  g ,  O .0 5 2  m ole) was in tro d u c e d  in to  th e  f l a s k  and 
s t i r r e d  f o r  30 m in u te s .  2 -M e th o x y cy c lo o c tan o n e  (5*47 g , O.O35  m ole) 
was d is s o lv e d  i n  30  ml o f  a b s o lu te  e t h e r  and was added d ro p w ise  to  th e  
LAH s o lu t io n  d u r in g  30 m in u te s . The m ix tu re  was r e f lu x e d  f o r  two h rs  
a f t e r  w hich  th e  s l u r r y  was decomposed by a d d in g  100 ml o f  3 M h y d ro ­
c h lo r i c  a c id  and d e c a n tin g  th e  e t h e r  l a y e r .  The aqueous l a y e r  was 
e x t r a c te d  w ith  two 50 m l p o r t io n s  o f  e t h e r  w hich w ere com bined w ith  
th e  o r i g i n a l  e t h e r  s o l u t i o n .  The t o t a l  e th e r  s o lu t io n  was w ashed w ith  
c o ld  s a t u r a t e d  sodium  b ic a r b o n a te  s o l u t i o n ,  d r i e d  (MgS04) , and concen­
t r a t e d  in  a  r o t a r y  vacuum e v a p o r a to r  t o  g iv e  an  o i l  whose i n f r a r e d  
sp ec tru m  in d ic a t e d  h y d ro x y l and c a rb o n y l s t r e t c h i n g  f r e q u e n c ie s .  A 
g lp c  a n a ly s i s  made by  com paring  a u th e n t i c  2-m e th o x y cy c lo o c tan o n e  and
t r a n s -2 -m e th o x y c y c lo o c ta n o l w ith  th e  o i l  sam ple from  LAH r e d u c t io n  
in d ic a te d  t h a t  th e  sam ple c o n s is te d  o f  u n re a c te d  k e to n e  and  b o th  2- 
m e th o x y c y c lo o c ta n o ls  (2  c l s /1  t r a n s ) .  F u r th e r  s e p a r a t io n  o f  t h i s  m ix­
t u r e  was n o t a tte m p te d  a f t e r  th e  s u c c e s s f u l  s y n th e s i s  o f  c i s - 2 - 
m e th o x y c y c lo o c ta n o l v i a  th e  sodium  h y d r id e  W illiam so n  s y n th e s is  a l ­
re a d y  d e s c r ib e d .  The m ix tu re  was found  to  be  u s e f u l  a s  a  g lp c  r e ­
f e r e n c e  i n  s o lv o ly s i s  r e a c t io n s  o f  c i s -  and t r a n s -2 -m e th o x y c y c lo o c ty l 
t o s y l a t e s  i n  80$ e th a n o l .
3 .  A c e ty la t io n  o f  M ix tu re  o f  c i s -  and t r a n s -2 -M e th o x y c y c lo o c ta n o ls : 
P r e p a r a t io n  o f  c i s -  and  t r a n s -2 -M e th o x v c y c lo o c ty I A c e ta te s  
The r e a c t i o n  p ro d u c t m ix tu re  o f  c i s -  and t r a n s - 2 -  
m e th o x y c y c lo o c ta n o ls  and 2 -m e th o x y cy c lo o c tan o n e  ( 3 *75 8 ° f  t h i s  m ix­
tu r e  was u se d )  was d is s o lv e d  i n  20 ml o f  a c e t i c  a n h y d r id e  in  w hich  
3 .0  g o f  sodium  a c e t a t e  had  b een  p r e v io u s ly  d i s s o lv e d .  T h is  m ix tu re  
was r e f lu x e d  f o r  2 b h r s  a f t e r  w hich  i t  was r i n s e d  w ith  w a te r  i n t o  a  
s e p a r a to r y  fu n n e l  c o n ta in in g  100 ml o f  w a te r .  The m ix tu re  was ex­
t r a c t e d  w ith  th r e e  50 ml p o r t io n s  o f  p e n ta n e . The com bined p e n ta n e  
e x t r a c t  was e x t r a c t e d  w ith  two 20 ml p o r t io n s  o f  w a te r ,  d r ie d  (MgS04) , 
and c o n c e n tr a te d  by  r o ta r y  vacuum e v a p o r a t io n  to  g iv e  a  p le a s a n t  
s m e ll in g  o i l  w hich was u sed  w ith o u t  f u r t h e r  p u r i f i c a t i o n .  G lpc a n a ly s i s  
o f  t h i s  o i l  r e v e a le d  c i s -  and tra n s -2 -m e th o x y c y c lo o c ty l  a c e t a t e s  i n  a  
2 /1  r a t i o  and u n re a c te d  2 -m e th o x y c y c lo o c ta n o n e . C om parison o f  th e  m ix­
tu r e  o f  a c e ty la t e d  a lc o h o ls  to  a u th e n t i c  t r a n s -2 -m e th o x y c y c lo o c ty l  
a c e t a t e  showed t h a t  c is -2 -m e th o x y c y c lo o c ty l  a c e t a t e  had  a  s h o r t e r  r e t e n ­
t i o n  tim e  on th e  10* Carbowax 20M colum n th a n  d id  th e  t r a n s - i s o m e r .
Glpc a n a ly s is  o f  th e  iso m eric  c i s - and t r a n s -2 -m e th o x y c y c lo o c tan o ls  
r e v e a le d  t h a t  th e  t r a n s  a lc o h o l had a  s l i g h t l y  s h o r t e r  r e t e n t i o n  tim e 
th a n  d id  th e  c i s  a lc o h o l .
t r a n s - 2 - M e t h o x y c y c l o o c t y l  a c e t a t e
2-M eth o x y cy c lo o c tan o l (5 -0  g , O.O3I  m ole) was re f lu x e d  o v e r­
n ig h t  in  50 ml o f  a c e t ic  an h y d rid e  c o n ta in in g  5 g o f  sodium a c e t a t e .  
The m ix tu re  was worked up as  d e s c r ib e d  above to  g iv e  a p en tan e  concen­
t r a t e  w ith  a p le a s a n t  o d o r. Glpc a n a ly s is  showed t h i s  c o n c e n tra te  to  
be  a  r e l a t i v e l y  p u re  sam ple c o n ta in in g  l e s s  th a n  0 . 1$ o f th e  s t a r t i n g
a lc o h o l .  Nmr (C C l4) 6 h.83  (m, 1 , H-C-OAc), 3 .2 9  (m, 1 , H-C0CH3 ) ,
3 .2 9  ( s ,  3 , 0 CH3 ) ,  1.99  ( s ,  3 , 0 -C 0 -CH3 ) ,  1 .6 8  (m, 1 2 , CH2 e n v e l o p e ) .
C. 3"A ce to x y cy clo o cten e
2 -C y c lo o c te n - l -o l  ( 5 .0  g ,  O.O3 m ole) was d is s o lv e d  i n  25 ml 
o f  a c e t i c  a n h y d rid e  c o n ta in in g  3 -0  8 o f anhydrous sodium a c e t a t e .  The 
m ix tu re  was re f lu x e d  f o r  2k h r s  a f t e r  w hich th e  p ro ced u re  f o r  th e  i s o ­
l a t i o n  o f  th e  iso m eric  2-m e th o x y c y c lo o c ty l a c e ta te s  was fo llo w ed  to  
y ie ld  a p le a s a n t  sm e llin g  o i l  w hich gas chrom atography showed was e s ­
s e n t i a l l y  a s in g le  com ponent. Nmr (CDCl3 ) 5 5*58 (m, 2 , -CH“ C H -),
5 .5 8  (m, 1 , H-COAc), 2 .1 7  (m, 2 , -CHe-CH=CH-) ,  2 .0 0  ( s ,  3 , -0C0CH3 ) ,
1 .58  (m, 8 , CH2 r in g  e n v e lo p e ) .
D. A ttem p ted  P r e p a r a t io n  o f  tra n s -2 -M e th o x y c y c lo d e c a n o l
1 . c i s -C y c lo d ec e n e  Oxide ( l l - o x a b ic y c lo [ 8 .1 .0 ] u n d e c a n e ) 3S
c i s -C y c lo d ec e n e  (0 .0 9  m o le , 1 2 .0  g ) , b e n z o n i t r i l e  (9 -6  g ,
0 .0 9  m o le ) , and p o ta ss iu m  b ic a r b o n a te  ( 1 .5  g) w ere  d is s o lv e d  in  I 5O ml 
o f  m e th a n o l, and 11 g o f  hy d ro g en  p e ro x id e  was added a t  room tem ­
p e r a t u r e .  The p ro g r e s s  o f  th e  r e a c t i o n  was fo llo w e d  by g as  ch rom ato ­
g rap h y  u n t i l  th e  consum ption  o f  c y c lo d e c en e  was n e a r ly  c o m p le te . The 
r e a c t i o n  m ix tu re  was d i lu t e d  w ith  25O ml o f  w a te r  and e x t r a c te d  w ith  
th r e e  100 ml p o r t i o n s  o f  c h lo ro fo rm . The c h lo ro fo rm  e x t r a c t s  w ere 
com bined and w ashed w ith  two 75 p o r t io n s  o f  warm (60°) w a te r .  The 
c h lo ro fo rm  e x t r a c t  was d r ie d  (MgS04) and c o n c e n tr a te d  by r o t a r y  vacuum 
e v a p o r a t io n .  The c r y s t a l s  o f  benzam ide w hich s e p a ra te d  w ere  f i l t e r e d ,  
aid th e  f i l t r a t e  was d i s t i l l e d  a t  red u ced  p r e s s u r e  ( 0 .4  mm) to  y ie ld  
9 .2 3  g ( 69$) o f  c i s - c y c lo d e c e n e  o x id e ,  bp 60°  ( 0 .4  mm), i r ,  ( n e a t )
1250 cm-1  (Q^—^ ) ;  nmr (CDC13 ) 6 2 .9 4  (m, 2 , HQ^-^CH), 1 .7 0  (m, 16 ,
CH2 e n v e lo p e ) .
2 . R e a c t i o n  o f  c i s - C y c l o d e c e n e  O x id e  w i t h  B o ro n  T r i f l u o r i d e -  
E t h e r a t e  i n  M e t h a n o l .  A t t e m p t e d  P r e p a r a t i o n  o f  t r a n s - 2 -  
M e t h o x y c y c l o d e c a n o l .
The e x p e r i m e n t a l  p r o c e d u r e  f o l l o w e d  w a s  t h e  sam e a s  t h a t  f o r  
t h e  a n a l o g o u s  r e a c t i o n  w i t h  c i s - c y c l o o c t e n e  o x i d e ;  5 - 6  S (0 .0 3 2  m o le )  
o f  c i s - c y c l o d e c e n e  o x i d e  w as u s e d  i n  t h e  r e a c t i o n .
E v a p o r a t i o n  o f  t h e  d r i e d  p e n t a n e  e x t r a c t  y i e l d e d  a  v i s c o u s  
y e l l o w  l i q u i d ,  w h i c h ,  fr o m  g a s  c h r o m a t o g r a p h ic  a n a l y s i s ,  c o n t a i n e d  
f i v e  c o m p o n e n t s .  T he r e t e n t i o n  t i m e s  and  a r e a  p e r c e n t a g e s  o f  t h e s e
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com ponents w ere : ( l )  2 .6  m i n . , 59°* ( 2 ) 15*2 m in . , 64$; ( 5 ) 15*6 m in . ,
15$ ; (4 ) 5 2 .8  m in . ,  6$ ; ( 5 ) 5^*8 m in . ,  10$, Component ( 5 ) a p p ea red  
a s  a sm a ll s h o u ld e r  on com ponent ( 2 ) .  T hese com ponents w ere  p a r t i a l l y  
s e p a ra te d  by p r e p a r a t iv e  gas ch ro m ato g rap h y . The com ponent o f  r e t e n ­
t i o n  tim e  1 5 .2  m in u te s  was t e n t a t i v e l y  i d e n t i f i e d  as c i s - 2- c y c lo d e c e n -  
l - o l ;  nmr (CDCl3 ) 6 5 .4  (m, 2 , HC=CH), 5 .8  (m, 1 , H-C-OH), 5 .4  
( im p u r i ty ,  s ,  1 /5 ,  OCH^), 2 .5 2  ( s ,  1 , OH) , 2 .2  (m, 4 , CH2 C -4  and C -1 0 ) ,
I .5 5  (m, 1 5 , CH2 e n v e lo p e ) .  Components (4 )  and ( 5 ) gave  th e  fo llo w in g  
c o m p o site  nmr sp ec tru m : (CDCl3 ) , 6 5*9 (m) 1) H-C-OR.), 5*55 (m,
H-C-OR), 5 .5 5  ( s ,  5 , OCH3), 2 .8 1  ( s ,  1 , OH), 1 .5 0  (m, 18 , CH2 e n v e lo p e ) .
E . S o l v o l y s e s
1 . S o lv o ly s is  o f  t r a n s -2 -M e th o x y c y c lo o c ty l T o s y la te  i n  80$ Aqueous 
E th a n o l a t  60°
In  a  50 ml round  b o tto m  f l a s k ,  a  m ix tu re  o f  24 ml o f  a b s o lu te  
e th a n o l ,  6 ml o f  d i s t i l l e d  w a te r ,  and 0 .5 5  & (0 .0 5 2 ) m ole) o f  r e a g e n t  
g ra d e  c a lc iu m  c a rb o n a te  was h e a te d  to  60°  w h ile  b e in g  s t i r r e d  magne­
t i c a l l y .  A f te r  te m p e ra tu re  e q u i l ib r iu m  was e s t a b l i s h e d ,  t r a n s -2 -  
m e th o x y c y c lo o c ty l t o s y l a t e  (1 .0 0  g ,  O.O52  m ole) was ad d ed . One r e a c t io n  
was m o n ito re d  by gas ch rom atog raphy  a t  tim e  i n t e r v a l s  o f  1 0 , 5 5 i 55> 
and 580 m in u te s .  T hese a n a ly s e s  showed t h a t  a l l  p ro d u c ts  form ed s im u l­
ta n e o u s ly  and w ere in  th e  same p r o p o r t io n s  a t  a l l  t im e s .  The s o lv o ly s i s  
was te rm in a te d  a f t e r  s i x  h o u r s ,  and th e  m ix tu re  was p o u red  in to  25O ml 
o f  w a te r .  The m ix tu re  was t e s t e d  w ith  pH ydrion  p a p e r  and  found to  be  
s l i g h t l y  b a s i c .  T h is  m ix tu re  was e x t r a c te d  w ith  t h r e e  40 ml p o r t io n s
o f  w a te r .  The p e n ta n e  e x t r a c t s  w ere d r i e d  (NagS04 ) and w ere co n cen ­
t r a t e d  by r o t a r y  e v a p o r a t io n .  ( D i s t i l l a t i o n  o f  one  s o lv o ly s i s  m ix tu re  
to  remove p e n ta n e  gave p ro d u c t p e rc e n ta g e s  w hich w ere  n o t s i g n i f i ­
c a n t ly  d i f f e r e n t  from  th o s e  i n  w hich r o t a r y  vacuum e v a p o r a t io n  was 
u sed  to  rem ove e x t r a c t i n g  s o lv e n t . )  The c o n c e n t r a te s  w ere a n a ly z e d  
by  i n f r a r e d  s p e c tro s c o p y  and nmr s p e c tro m e try ;  i r  ( n e a t )  1700 (C=0) 
and 1100 cm- 1  (C-O-C asym m etric  s t r e t c h ) ;  nmr ( n e a t  6 5*58 ( s ,  HC=CH),
4 .5 5  (m, HC^-O-C^H), 3 .3 8  ( q ,  J  = 7Hz, CH3CH2- O - ) ,  3 . I 5 ( s ,  OCH3 ) ,
3 .1 7  ( s ,  OCH3 ) , 1 .7 0  (m, CH2 e n v e lo p e ) ,  1 .0 1  ( t ,  J  = 7Hz, C H aC H ^-).
T h is  e x p e r im e n t was r e p e a te d  f i v e  tim e s  m o re , tw ic e  w ith o u t  
c a lc iu m  c a r b o n a te .  The r e s u l t s  o b ta in e d  from  ru n s  w ith o u t  c a lc iu m  
c a rb o n a te  w ere  i d e n t i c a l  i n  a l l  r e s p e c t s  w ith  th o s e  w ith  added  c a lc iu m  
c a r b o n a te .  One s o lv o ly s i s  was done on  a  p r e p a r a t iv e  s c a le  w i th  6 .0  g 
(0 .0 1 9  m ole) o f  t o s y l a t e ,  192 ml o f  80$  aqueous e th a n o l  and 4 g 
( e x c e s s )  o f  c a lc iu m  c a r b o n a te .  A f te r  6  h r s ,  th e  m ix tu re  was w orked up 
a s  d e s c r ib e d  p r e v io u s ly ,  and th e  p e n ta n e  c o n c e n tr a te  was s e p a r a te d  on 
a  9 . 7 '  X 1 /4 "  s t a i n l e s s  s t e e l  Carbowax .20M colum n (1 0 $  on 6 0 /8 0  Chromo­
s o rb )  a t  a  colum n te m p e ra tu re  o f  H1O0 . Each i n j e c t i o n  was 0 . 0 5 ml 
f o r  a  t o t a l  o f  fo u r  i n j e c t i o n s .  F o u r f r a c t i o n s  w ere  c o l l e c t e d  and 
i d e n t i f i e d  from  nmr s p e c t r a  as ( l )  a  m ix tu re  o f  4-ra e th o x y c y c lo o c te n e  
and 9_oxak ic y c lo [ 4 .2 . l3 n o n a n e  (3 9 $  ant* 6 $ , r e s p e c t i v e l y ) ;  nmr (CC14)
5 5 .5 8  (m, 2 , HC=CH), 4 .5 5  (“ > 0*15* HC^-O-C4! ! ) , 3 .2 3  (m, 1 , H-C0CH3 ) , 
1 .7 5  (m, 1 0 .7 5 , CH2 e n v e lo p e ) ;  (2 ) c y c lo o c ta n o n e  (1 2 $ ) ;  nmr (CC14) 
e x a c t ly  m atched  t h a t  o f  an  a u th e n t ic  com m ercial s a m p le ; (3 ) e t h y l  2-  
m e th o x y c y c lo o c ty l e th e r  (39$)1  nmr (CC14 ) 6 3*38 ( q ,  2 ,  J  = 7Hz, 
CH3CH2- 0 - ) ,  3 .2 0  ( s ,  3 , OCH3 ) ,  I .50  (m , 1 2 , CHs e n v e lo p e ) ,  1 .0 1  ( t ,  3 ,
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J  = 7Hz, CH3CH2-O - ) ;  (4 ) t r a n s -2 -m e th o x y c y c lo o c tan o l ( 1 .6 $ ) ;  i d e n t i f i e d  
by g lp c  r e t e n t i o n  t im e ; t h i s  method was u sed  b ecau se  th e  amount o f  
sam ple p roduced  i n  th e  s o lv o ly s i s  r e a c t io n  was to o  sm a ll to  c o l l e c t .
2 , S o lv o ly s is  o f  t r a n s - 2 -M ethoxyeyelooc ty1 T o s y la te  in  80$ Aqueous 
E th an o l w ith  L ith iu m  P e r c h lo r a te
t r a n s - 2 -M ethoxycycloocty1 t o s y l a t e  (1 ,0  g , O.O32  m ole) was 
so lv o ly z e d  in  30 ml o f  80$  e th a n o l a t  60°  c o n ta in in g  c a lc iu m  c a rb o n a te  
(1 .0 0  g) and 0 .1 6  g o f  l i th iu m  p e r c h lo r a te  (0 .0 5  M). Workup o f  t h i s  
m ix tu re  in  th e  m anner p re v io u s ly  d e s c r ib e d  f o r  t r a n s - 2-m e th o x y c y c lo o c ty l 
t o s y l a t e  y ie ld e d  an  o i l  w hich gave an  in f r a r e d  spec trum  i d e n t i c a l  in  a l l  
r e s p e c ts  to  t h a t  o f  s o lv o ly s i s  m ix tu re s  from  t r a n s - 2-m e th o x y c y c lo o c ty l 
t o s y l a t e  w ith o u t l i th iu m  p e r c h lo r a te .  A n a ly ses  by gas chrom atography 
and by nmr a ls o  v e r i f i e d  th e  in f r a r e d  s p e c t r a l  i n d ic a t io n s .
3 . S o lv o ly s is  o f  c i s -2 -M e th o x y c y c lo o c ty l T o s y la te  in  80$ Aqueous 
E th a n o l .a t  60°
c i s - 2-M e th o x y cy c lo o c ty l t o s y l a t e  (0 .5  g , 0 .0 1 6  m o le ) , and 
ca lc iu m  c a rb o n a te  (0 .5  g) w ere d is s o lv e d  in  I 5 ml o f  80$  aqueous 
e th a n o l  w hich had b een  h e a te d  to  6 0 ° . A f te r  6  h r s ,  th e  m ix tu re  was 
poured  in to  250 ml o f  w a te r  and worked up as  p re v io u s ly  d e s c r ib e d  f o r  
80$ aqueous e th a n o l  s o lv o ly s e s .  The r e s u l t i n g  o i l  was a n a ly z e d  by 
gas chrom atography  and nmr te c h n iq u e s .  Glpc a n a ly s is  re v e a le d  seven  
com ponents o f  r e t e n t i o n  tim e s  ( 1 ) 5 . 2 , ( 2 ) 7 . 0 , ( 3 ) 9*8> (4 ) 13*6,
( 5 ) 1 4 .8 , (6 ) 19*6, and (7 ) 20 .3  m in u te s . An unknown component o f  
r e t e n t io n  tim e  9*4 m in u te s  was a l s o  d e te c te d .  The f i r s t  sev en  com­
p o n e n ts  w ere s e p a ra te d  on a  p r e p a r a t iv e  9 '  X 3 / 8" Carbowax 20M gas
ch ro m a to g rap h ic  column and su b se q u e n tly  i d e n t i f i e d  by com parison  o f  
t h e i r  nmr o r  gas ch ro m ato g rap h ic  d a ta  w ith  th o se  o f  a u th e n t ic  sam p les . 
The com ponents w ere i d e n t i f i e d  a s  ( l )  5-m eth o x y cy clo o c ten e  ( 5* $ ) , [nmr 
(CDG13 ) 6 5 .65  (m, 2 , HC-CH), 3 .2 5  (m, 1 , H-COCH3), 3*25 ( s ,  3> OCH3), 
I .8 5  (n , 10, CH2 e n v e lo p e ; t h i s  p a t t e r n  i s  s p l i t  in to  a  3 /2  r a t i o ,  
th e  a l l y l i c  p r o to n s ,  CHgCH=CH-CHP , a p p e a rin g  f a r t h e s t  d o w n f i e l d ) (2) 
c y c lo h e p ta n ec a rb o x a ld eh y d e  ( 11$ ) ,  i d e n t i f i e d  by g lp c  com parison  w ith  
an a u th e n t ic  sam ple on Carbowax 20M and X F -II5O colum ns (Nmr a n a ly s is  
o f  th e  r e a c t io n  m ix tu re  re v e a le d  a  b ro ad  d o u b le t a b s o r p t io n  a t  6 9 *6 3 > 
w hich  i s  a t t r i b u t e d  to  CHCHO); (3 ) cy c lo o c ta n o n e  ( 3$) i d e n t i f i e d  by 
com parison  o f  i t s  g lp c  r e t e n t i o n  tim e  and nmr sp ec tru m  w ith  th o s e  o f  
an  a u th e n t ic  sam ple; (4 ) e th y l  t r a n s - 2-m e th o x y c y c lo o c ty l e th e r  ( 0 . 7$)> 
i d e n t i f i e d  by g lp c  com parison  w ith  an  a u th e n t ic  sam ple o b ta in e d  from  
s o lv o ly s i s  o f  t r a n s - 2-m e th o x y c y c lo o c ty l t o s y l a t e  i n  80$  e th a n o l ;  ( 5) 
e th y l  c i s - 2-m e th o x y c y c lo o c ty l e th e r  (2 4 $ ) , i d e n t i f i e d  by com parison  
o f  g lp c  r e t e n t i o n  tim e  w ith  t h a t  o f  an a u th e n t ic  sam ple p re p a re d  from  
c i s - 2-m e th o x y c y c lo o c ta n o l, sodium  h y d r id e  and e th y l  io d id e ;  ( 6 ) 
t r a n s - 2-m e th o x y c y c lo o c ta n o l ( 1$ ) ,  i d e n t i f i e d  by com parison  o f g lp c  
r e t e n t i o n  tim e  w ith  t h a t  o f  an  a u th e n t ic  sam ple; ( 7 ) . c i s - 2-m ethoxy­
c y c lo o c ta n o l  ( 3$ ) ,  i d e n t i f i e d  by com parison  o f  g lp c  r e t e n t io n  tim e 
w ith  t h a t  o f  an  a u th e n t ic  sam p le . A ll  com parisons w ere made on b o th  
Carbowax 20M and X F -I I5O colum ns.
4. S o lv o ly s is  o f  t r a n s -2 -M e th o x v c v c lo o c ty l T o s y la te  in  A c e tic  
A cid
S o lv o ly s is  o f  t h i s  t o s y l a t e  w ith o u t l i th iu m  p e r c h lo r a te  was 
c a r r i e d  o u t sev en  t im e s ;  th e  o n ly  v a r i a t i o n  in  p ro c e d u re  was th e  amount
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o f  t o s y l a t e  u se d . A l l  s o lv o ly s e s  w ere  0 .1  M w ith  r e s p e c t  to  t o s y l a t e .
A t y p i c a l  s o lv o ly s i s  and workup p ro c e d u re  i s  d e s c r ib e d .
A m ix tu re  o f  g l a c i a l  a c e t i c  a c id  (60 m l) and a c e t i c  a n h y d rid e  
(0 .1  m l) was h e a te d  to  60°  in  a  100 m l s in g le  n eck  round  b o tto m  f l a s k  
eq u ip p ed  w ith  a  1 / 2" m a g n e tic  s t i r r e r  b a r  and a  co n d en se r w ith  d ry in g  
tu b e  (C aC la ) .  A f te r  one h o u r , t r a n s -2 -m e th o x y c y c lo o c ty l t o s y l a t e  (2 .0  g ,
0 .0 6 4  m o le ) was in t r o d u c e d  in to  th e  f l a s k  and  was so lv o ly z e d  w ith  s t i r ­
r in g  f o r  s i x  h o u rs . The c o l o r l e s s  m ix tu re  was p o u red  in to  500 ml o f  
d i s t i l l e d  w a te r ,  and th e  c lo u d y  aq u eo u s s o lu t io n  was e x t r a c te d  w ith  
fo u r  iiO ml p o r t io n s  o f  p e n ta n e . The com bined p e n ta n e  e x t r a c t s  w ere 
washed w i th  two 50 m l p o r t i o n s  o f  w a te r  a f t e r  w h ich  th e  p e n ta n e  ex­
t r a c t  was d r ie d  (NaaS04) .  The p e n ta n e  was rem oved by r o t a r y  vacuum 
e v a p o r a t io n  to  y i e ld  a  c o l o r l e s s  o i l  w hich was a n a ly z e d  by gas chrom a­
to g ra p h y  w ith  a  10 ' X 1 /8 "  Carbowax 20M column (1 0 #  on 60 /80  C hrom osorb). 
S ix  m a jo r  com ponents w hich  made up >  99# o f  th e  t o t a l  p ro d u c t m ix tu re  
w ere d e t e c t e d .  S e p a r a t io n  o f  th e s e  com ponents on a  9* X 3 / 8 " Carbowax 
20M p r e p a r a t iv e  co lum n, fo llo w e d  by nmr a n a ly s i s  o f  each  com ponent, 
r e v e a le d  t h a t  th e  f i r s t  component p e ak  c o n s i s te d  o f  two d i s c r e t e  com­
pounds w i th  i d e n t i c a l  r e t e n t i o n  t im e s  on th e  Carbowax colum n u n d e r th e  
c o n d i t io n s  u se d . (S ee nmr sp ec tru m  No. 1 4 .)  The com ponents w ere 
i d e n t i f i e d  a s  (1 ) 4 -m e th o x y c y c lo o c te n e  (25# ) ,  nmr (CC14) 6 5-60 (m,
2 ,  HC=CH), 3 .2 1  ( s ,  3 , OCH3), 3 .1 8  (m, 1 , H-COCH3), 2 .2 0  (m, 4 , 
CHpCH=CHCH^), 1 .5 3  (m, 6 , CHP e n v e lo p e ) ;  (2 )  9 - o x a b ic y c lo [ 4 .2 . l ] n o n a n e  
(1 2 # ) ,  i r ,  i d e n t i c a l  t o  t h a t  o f  A. C. C o p e 's  sam ple  o f  sam e; nmr 
(CDCI3) 6 4 .3 5  (m, 2 ,  HC1- 0-C 4H ) , 1 .7 2  (m, 1 2 , CHs e n v e lo p e ) ;  (3 )
cy c lo o c ta n o n e  ( 15$ ,  i d e n t i f i e d  by  g lp c  and nmr co m p ariso n s  w i th  an 
a u th e n t i c  com m ercia l sam ple; (4 )  4~ a c e to x y c y c lo o c te n t  ( 5$ ) ,  nmr 
(CDC13 ) 6 5 .65  (m, 2 ,  HC=CH), If. 88  (m, 1 , H-COAc) , 2 . to  (m, 2 ,  C-3  
m e th y le n e ; t h i s  m u l t i p l e t  a p p e a rs  a s  a  su p erim p o sed  d o u b le t o f  
d o u b le ts  and h a s  b e e n  found to  b e  c h a r a c t e r i s t i c  o f  th e  o ° x  
s t r u c t u r e  f o r  e ig h t-m em bered  r in g s  w here  X i s  m e th y l o r  a c y l)
2 .1 5  (m, 2 , CH-CHCH2), 2 .0 0  ( s ,  3 ,  O-COCHQ , I .6 5  (m, 6 , CH2 e n v e lo p e ) ;  
(5 )  t r a n s -2 -m e th o x y c y c lo o c ty l a c e t a t e  (3$ ) ,  nmr (CC14) 6 4 .8 5  (m» 1 , 
H-COAc), 3 . 3O ( s ,  3 , 0CH3 ) ,  3 . 3O (m, 1 , H-C-OCH3 ) , I .98  ( s ,  3 , O-COCH3 ) , 
I .6 5  (m, 12, CH2 e n v e lo p e ) ;  ( 6 ) 4 -m e th o x y c y c lo o c ty l a c e ta te  (3 9 $ ) >
(C C 14 ) 6 4 .81  (m j 1 ,  H -C -O A c), 3 . 2 0  ( s ,  3 , OCH3 ) , 3 . 2 0  (m, 1 ,  H-C-0CH3 ) ,
1 . 9 0 ( s ,  3 ,  O-COCH3 ) , I .65  (m, 1 2 ,  CHS e n v e l o p e ) .
5 . S o lv o ly s is  o f  t r a n s -2 -M e th o x y c y c lo o c ty l T o s y la te  in  A c e t ic  
Acid a t  60° w ith  Added L ith iu m  P e r c h lo r a te .
t r a n s - 2-M e th o x y c y c lo o c ty l t o s y l a t e  ( 2 .0  g ,  0 .0 6 4  m o le ) ,  
l i th iu m  p e r c h lo r a te  (0 .6 4  g , 0 .1  M i n  60 ml) and a c e t i c  a n h y d rid e  
(0 .1  m l) were d i s s o lv e d  in  60 ml o f  g l a c i a l  a c e t i c  a c id  p r e v io u s ly  
h e a te d  to  60° i n  a  h e a t in g  b a th .  A f t e r  s ix  h r s ,  th e  m ix tu re  was 
w orked up fo l lo w in g  th e  s ta n d a rd  m ethod d e s c r ib e d  p re v io u s ly  f o r  th e  
t r a n s - t o s y l a t e .  The brown o i l  o b ta in e d  was a n a ly z e d  as  d e s c r ib e d  
b e f o r e .  The com pounds i d e n t i f i e d  w ere  (1) 4 -m e th o x y c y c lo o c te n e  (7 $ ) ,
( 2 ) 9 -o x a b ic y c lo [ 4 .2 .l ]n o n a n e  ( 4 3 $ ) ,  (3 ) c i s - c y c lo o c te n e  o x id e  (3$)> 
i d e n t i f i e d  by g lp c  and nmr co m p ariso n s  w ith  an  a u th e n t ic  com m ercial 
sam p le , (4) c y c lo o c ta n o n e  ( 11$ ) ,  ( 5 ) 4 * a ce to x y c y c lo o c te n e  ( 27$ ) ,  (6 ) 
t r a n s - 2-m e th o x y c y c lo o c ty l a c e t a t e  ( 2$ ) ,  and ( 7 ) 4 -m e th o x y c y c lo o c ty l 
a c e t a t e  (7$ ) .
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6 . S o lv o ly s is  o f  c i s -2 -M e th o x y cy c lo o c ty l T o s y la te  in  A c e tic  
A cid a t  60°
A m ix tu re  o f  g l a c i a l  a c e t i c  a c id  (30 m l, p re v io u s ly  h e a te d  
to  6 0 ° ) ,  c jL s-2 -m ethoxycycloocty l to s y l a t e  (1 .0  g ,  O.O32  m ole) and 
a c e t i c  an h y d rid e  (0 .1  m l) was h e a te d  a t  60° f o r  s i x  h o u rs . The m ix tu re  
was worked up by th e  s ta n d a rd  method d e s c r ib e d  f o r  th e  t r a n s - t o s y l a t e . 
There was o b ta in e d  a  c o lo r l e s s  o i l  w hich c o n s is te d  o f  th e  fo llo w in g  
com ponents: ( l )  5-m e th o x y cy c lo o c ten e  (47$)* ( 2 ) c y c lo h e p ta n e c a rb o x -
a ld eh y d e  ( 3$ ) ,  (3 ) cy c lo o c ta n o n e  (2 . 656) ,  (4 ) 4-a c e to x y c y c lo o c te n e  ( 2 . 2$ ) ,  
( 5) c i s - 2-m e th o x y c y c lo o c ty l a c e t a t e  ( 5$ ) ,  (6 ) t r a n s - 4-m e th o x y cy c lo o c ty l 
a c e ta te  (2$) and ( 7 ) c i s -4 -m e th o x y c y c lo o c ty l a c e t a t e  (35$)* t e n t a t i v e l y  
i d e n t i f i e d  on th e  b a s i s  o f  g lp c  r e t e n t i o n  tim e  and nmr s p e c t r a l  d a ta :  
nmr (CDC13 ) 6 4 .8 ?  (m, 1 , H-O-OAc), 3 .2 7  ( s ,  3 , OCH3 ) , 3 .2 7  (m, 1 , 
H-C-OCH3), 1 .99  ( s ,  3 , O-COCH3 ) ,  1 .7 2  (m, 12 , CHa e n v e lo p e ) ,  3 .6 6  
( s ,  1 , u n a ss ig n e d  p e a k ) . The u n a ss lg n e d  peak  makes th e  i d e n t i f i c a t i o n  
t e n t a t i v e .  O th e rw ise , g lp c  and nmr d a ta  i n d ic a te  t h i s  to  be th e  c i s  
isom er o f  4-m e th o x y c y c lo o c ty l a c e t a t e .
7 . S o lv o ly s is  o f  c i s -2 -M e th o x y c y c lo o c ty l T o s y la te  i n  A c e tic  A cid 
w ith  Added L ith iu m  P e r c h lo r a te  a t  60°
A m ix tu re  o f  g l a c i a l  a c e t i c  a c id  (30  m l,  p re v io u s ly  h e a te d  
to  60° ) ,  c i s - 2 -m e th o x y c y c lo o c ty l t o s y l a t e  (1 .0  g ,  0 .0 3 2  m o le ) , a c e t i c  
an h y d rid e  (0 .1  m l) ,  and l i th iu m  p e r c h lo r a te  (O .3 2  g , 0 .1  m ole) was 
h e a te d  a t  60° f o r  s i x  h o u rs . The m ix tu re  was worked up fo llo w in g  th e  
s ta n d a rd  method d e s c r ib e d  f o r  th e  workup o f  th e  s o lv o ly s i s  m ix tu re  o f
th e  t r a n s - t o s y l a t e .  There was o b ta in e d  a  brown o i l  w ith  th e  fo llo w in g  
com ponents: ( l )  5-m e th o x y cy clo o c ten e  ( 17$ ) ,  ( 2 ) c y c lo h e p ta n ec a rb o x -
a ld eh y d e  ( 13$ ) ,  ( 3 ) c i s - c y c lo o c te n e  o x id e  ( 1 . 0 $ ) ,  (4 ) c y c lo o c tan o n e  
( 5$)> ( 5 ) 4-a c e to x y c y c lo o c te n e  ( 23$ ) ,  ( 6 ) c i s - 2-m e th o x y c y c lo o c ty l 
a c e t a t e  (4 $ ) ,  (7 ) t r a n s - 4-m e th o x y cy c lo o c ty l a c e ta t e  ( 1 .4 $ ) ,  and ( 8 ) 
c i s -4 -m e th o x y c y c lo o c ty l a c e ta te  (1 4 $ ) . A l l  components have been  
d e s c r ib e d  p r e v io u s ly .
CHAPTER VI 
SUMMARY
S o lv o ly s is  r e a c t io n s  o f  c i s -  and t r a n s -2 -m e th o x y c y c lo o c ty l 
£ - to lu e n e s u l f o n a t e s  ( t o s y l a t e s )  h av e  b een  in v e s t i g a t e d  i n  two s o lv e n ts  
to  d e te rm in e  p ro d u c t d i s t r i b u t i o n s  an d  th e  r o l e s  o f  d i f f e r e n t  io n  p a i r  
in te r m e d ia te s  in  th e  r e a c t i o n s .  The re a rra n g e m e n t p ro d u c ts  can  be 
d i r e c t l y  c o r r e l a t e d  w ith  th e  s te r e o c h e m is t r y  o f  th e  s t a r t i n g  t o s y l a t e s .  
P ro d u c t d i s t r i b u t i o n  d a ta  have shown t h a t  th e  compounds a r i s i n g  from  
c i s - and t r a n s - t o s y l a t e s  a r e  q u i t e  d i f f e r e n t  and im ply  t h a t  th e  r e ­
a c t i v e  in te r m e d ia te s  from  each  s te r e o is o m e r  do n o t undergo  conform a­
t i o n a l  ch an g es to  g iv e  i d e n t i c a l  s p e c ie s .
The o u ts ta n d in g  d i f f e r e n c e s  in  p ro d u c t d i s t r i b u t i o n  f o r  th e  
Iso m e ric  t o s y l a t e s  w ere  (a )  th e  fo rm a tio n  o f  c y c lo h e p ta n e c a rb o x a ld e h y d e , 
an  a lk y l  m ig r a t io n  p r o d u c t ,  from  c i s - t o s y l a t e  and c y c lo o c ta n o n e , a  
hy d ro g en  m ig ra t io n  p r o d u c t ,  from  t r a n s - t o s y l a t e ;  and (b ) th e  fo rm a tio n  
o f  5-m e th o x y c y c lo o c te n e  a s  th e  c h i e f  o l e f i n i c  p ro d u c t from  c i s - t o s y l a t e  
and 4 -m e th o x y c y c lo o c te n e  from  t r a n s - t o s y l a t e .
The e f f e c t  o f  l i th iu m  p e r c h lo r a t e  i n  a c e t i c  a c id  s o lv o ly s e s  
r e v e a le d  th e  e x is te n c e  o f  s e v e r a l  d i s c r e t e  i o n ic  s p e c ie s .  A d d itio n  
o f  l i th iu m  p e r c h lo r a te  i n  th e  a c e t o l y s i s  o f  t r a n s - t o s y l a t e  in c re a s e d  
th e  amount o f  9" o x a b icy  c lo  [  4 . 2 .1  ] nonane (J+) from  12$  to  43$ , and th e  
amount o f  4 -a c e to x y c y c lo o c te n e  ( 10 ) from  5$ to  27$ a t  t h e ex p en se  o f  
4-m e th o x y c y c lo o c te n e  (j2) and 4-m e th o x y c y c lo o c ty l a c e t a t e  ( I 2 t )  > r e ­
s p e c t iv e ly .  T h is r e s u l t  in d i c a t e s  t h a t  th e  p ro d u c ts  (4; and 10) w hich 
in c re a s e d  i n  amount a r e  m ost l i k e l y  form ed from  s o lv e n t - s e p a r a te d  io n
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p a i r s ,  w h ile  th o se  (2  and 12t )  w hich d e c re a se d  in  amount a re  m ost* rw
l i k e l y  form ed from  in t im a te  ion  p a i r s .  The c i s - t o s y l a t e  responded  
in  a fa s h io n  s im i la r  to  th e  t r a n s - isom er tow ards added l i th iu m  p e r ­
c h l o r a t e .  The amounts o f  c y c lo h e p ta n ec a rb o x a ld eh y d e  and 4- 
a c e to x y c y c lo o c te n e  w ere in c re a s e d  a t  th e  expense  o f  4-m e th o x y c y c lo o c ty l 
a c e t a t e  and 5“me th o x y c y c lo o c te n e .
A lthough  I  have a tte m p te d  to  d e f in e  t h i s  system  i n  as  much 
d e t a i l  a s  p o s s ib le ,  th e r e  a r e  some unansw ered q u e s t io n s .  I f  t h i s  
prob lem  i s  s c r u t in iz e d  f u r t h e r ,  I  hope t h a t  th e  n e x t i n v e s t i g a t o r  w i l l  
f in d  t h i s  p r o je c t  a s  c h a lle n g in g  and a s  rew ard in g  a s  I  have .
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APPENDIX I  
NMR SPECTRA
SPECTRUM NO. 1
e l s - 2-M ethoxycyclooc ta n o l 
® 60 MHz in  CDCI3

SPECTRUM NO. 2 
- 2-M ethoxycyclooc ta n o 1
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SPECTRUM NO. 3 
t r a n s - 2- Ethoxycyc1o o c tan o 1 
60 MHz in  CDC13
T his spectrum  was in c lu d e d  because  o f  th e  i n t e r e s t i n g  p a t te r n  o b ta in e d  f o r  th e  m ethylene 
p o r t io n  o f th e  e th y l  group a t  6 3 .5 0 . T h is p a t t e r n  (w hich should  be a  q u a r te t )  i s  due to  
e i t h e r  "W" co u p lin g  betw een th e  m eth ine hydrogen on C-2 and th e  m ethylenes o f  th e  e th y l  group 
o r to  unequal co u p lin g  o f th e  two m ethy lene hydrogens o f  th e  e th y l  group to  th e  C-2 m ethine 
hydrogen.




SPECTRUM NO. ^ 
c i s - 2-M ethoxycycloocty l £ -T o lu e n e su lfo n a te  
60 MHz in  CDCI3
The o f f s e t  p o r t io n  o f th e  spectrum  a t  6 7*58 re p re s e n ts  th e  sym m etrical AA^B1 p a t te r n  of 
th e  £ - d i s u b s t i tu te d  benzene r in g  o f th e  £ - to lu e n e s u lfo n a te  e s t e r  group. There i s  a  ch lo ro fo rm  
im p u rity  peak a t  6 7 *3 5* The methoxy s in g le t  (6 3 *27 ) has s h i f te d  0 .0 8  ppm u p f ie ld  w ith  





SPECTRUM NO. 5 
t r a n s -2 -M ethoxycycloocty l jj-T o lu e n e su lfo n a te  
60 MHz in  CDCI3
















SPECTRUM NO. 6 
tra n s-2 -M e th o x y cy c lo o c ty l j> -T o lu en esu lfo n a te  
100 MHz I n  CDCI3 
D ecoupling  Experim ent
The bottom  spectrum  i s  u n p e rtu rb e d . The m idd le  spectrum  re p re s e n ts  a m p l i f ic a t io n  o f th e  
m eth ine hydrogens H& and I r r a d i a t i o n  a t  th e  p o in t  d e s ig n a te d  by th e  arrow  cau ses  th e
q u in te t  p a t t e r n  to  c o l la p s e  to  a  d o u b le t w ith  J  -  8 Hz. T h is experim ent proved th a t  th e  t r a n s -  
t o s y la te  o b ta in e d  from th e  t r a n s - methoxy a lc o h o l was a  1 , 2- d i s u b s t i t u t e d  isom er (a s  opposed to  
1 ,4 - d i s u b s t i t u t e d ) .
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SPECTRUM NO. 7 
t r a n s -2 -M ethoxycyclooc ty l A c e ta te  
60 MHe in  CDCI3 
s l i g h t  pen tane  im p u rity  appears  a t  6 1 .4  and 1 . 0 .
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SPECTRUM NO. 8 
4 -M ethoxycycloocty l A c e ta te  
Compound 12t 
60 MHz in  CC14
The s te re o c h e m is try  o f t h i s  compound i s  n o t known w ith  c e r t a i n t y ,  b u t i s  b e lie v e d  to  be 






3-A cetoxy C yclooctene  
60 MHz in  CDCI3
Pen tane  im p u r i t ie s  appear j u s t  u p f ie l ' ,  trom  th e  m ethylene en v elo p e . The a re a  a t  6 5*58 
r e p re s e n ts  th r e e  h y d rogens, th e  ace to x y  m eth ine and th e  two o f  th e  ca rb o n -ca rb o n  double bond.
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SPECTRUM NO. 10 
4 -A cetoxycyclooctene  
60 MHz in  CDCI3
The ace toxy  m ethine hydrogen a t  6 4 .88  i s  n o t s h i f te d  as f a r  dow nfield  as in  3“ 








SPECTRUM NO. 11 
4-Ac e t  oxycyc1ooc ten e  
100 MHz In  Benzene 
D ecoupling Experim ent
The bottom  spectrum  i s  u n p e rtu rb e d . The m iddle spectrum  re p re s e n ts  i r r a d i a t i o n  a t  h84 Hz, 
th e  acetoxy  m eth ine . I r r a d i a t i o n  a t  t h i s  p o in t  c o lla p s e s  th e  t r i p l e t  p a t te r n  a t  237 to  a broad 
d o u b le t , and le av e s  th e  v in y l  hydrogen p a t te r n  a t  565 u n p e rtu rb e d . I r r a d i a t i o n  a t  237 p e r tu rb s  
th e  p a t te r n s  a t  565 and 484. This experim ent i s  in te r p r e te d  as showing th a t  th e  a l l y l i c  hydro­
gens a t  237 H e betw een th e  v in y l hydrogens a t  565 an(  ̂ th e  m ethine hydrogen a t  484, th e reb y  
f ix in g  th e  p o s i t io n  o f  th e  double bond r e l a t i v e  to  th e  acetoxy  group.
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4-Me thoxycyc1ooc te n e  
60 MHz in  CC14







60 MHz in  CDCI3
T his sample was one o f  th e  o le f in ic  p ro d u c ts  i s o la te d  from so lv o ly se s  o f  c i s - 2 -  
m ethoxycycloocty l to s y l a t e .  The d if f e r e n c e  betw een the v in y l  hydrogen p a t te r n  o f  t h i s  methoxy 
o le f in  and th a t  o f  4-m ethoxycyclooctene (Spectrum  No. 12) i s  q u ite  s t r i k in g .
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100 MHz in  CC14 
D ecoupling Experim ent
T his experim ent was d esig n ed  to  f i x  th e  p o s i t io n  o f th e  double bond r e l a t i v e  to  th e  methoxy 
group . The e f f e c t  on th e  methoxy m eth ine  hydrogen was n o t observed  s in c e  t h i s  a b so rp tio n  i s  
o bscured  by th e  methoxy m ethyl s in g l e t  a b s o rp tio n . The u p f ie ld  and dow nfield  i r r a d i a t i o n s  
produced th e  same ty p e  p e rtu rb a n c e s  as were observed  in  deco u p lin g  4 -ac e to x y c y c lo o c ten e . The 
c o n c lu s io n  was t h a t  th e  double bond i s  s e p a ra te d  from th e  methoxy group by th e  m ethylene in d i ­
c a te d  on th e  spectrum .
400 100
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SPECTRUM NO. 15
M ixture o f  9 "O x ab ic y c lo [4 .2 .l]n o n an e  and 4-M ethoxycyclooctene
60 MHz in  CCi4
This spectrum  was ta k en  o f component one o b ta in ed  by p re p a ra t iv e  g lp c , from th e  a c e to ly s is  
o f  t r a n s - 2-m ethoxycycloocty l t o s y la t e  w ith o u t l i th iu m  p e rc h lo ra te  added. The two-component 
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SPECTRUM NO. 16 
9 -O x a b ic y c lo [4 .2 .l]n o n a n e  
60 MHz in  CC14
T his spectrum  was ta k en  o f  component one o b ta in e d  by p re p a ra t iv e  g lp c , from a c e to ly s is  o f 
t r a n s -2 -m eth o x y cy c lo o c ty l to s y la te  w ith  added l i th iu m  p e r c h lo r a te .  The s in g l e t  a t  6 3*25 i s  
due to  th e  methoxy group o f 4 -m ethoxycyclooctene . The sam ple i s  >  85$  b ic y c l ic  e th e r .
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R ic h ard  A rth u r  Evans was b o rn  i n  G u lfp o r t ,  M is s i s s ip p i ,
November 2 0 , 1938, to  L ou is  A. and Hannah M. Evans. He a tte n d e d  
p u b lic  sc h o o l i n  G u lfp o r t and  g ra d u a ted  from  33rt* Avenue High School 
in  May o f  1955. He e n te re d  Tougaloo C o lle g e  in  T o u g a lo o , M is s i s s ip p i ,  
th e  fo llo w in g  Septem ber and was aw arded th e  B ach e lo r o f  S c ien ce  D egree 
in  C hem istry  from  th a t  i n s t i t u t i o n  in  Ju n e  o f  1959* I n th a t  same 
m onth, he  e n te r e d  W estern  M ich igan  U n iv e r s i ty ,  K alam azoo, M ichigan .
In  August o f  i 9 6 0 , he was m a rr ie d  to  G lo r ia  Anne B o lto n  o f  G r e e n v i l le ,  
M is s i s s ip p i .  A f te r  co m p le tin g  a  M aster o f  A rts  D egree in  C hem istry  a t  
W estern  M ich igan  in  I 9 6 2 , h e  ta u g h t f o r  one y e a r  a t  Morgan S ta te  C ol­
le g e ,  B a l t im o re , M aryland. D uring t h a t  y e a r ,  a s o n , G regory , was b o rn .
In  Septem ber o f  1963* he b eg an  employment a t  Alabama A. and M. U n iv e r­
s i t y  in  H u n ts v i l l e ,  A labam a. D uring h i s  te n u re  t h e r e  a  second so n , 
C h r is to p h e r ,  was b o rn . He began  h i s  s tu d ie s  a t  L o u is ia n a  S ta te  U ni­
v e r s i t y  in  th e  Summer o f  I 965  I n  a N a tio n a l  S c ien ce  F o u n d a tio n  su p p o rte d  
Summer I n s t i t u t e  f o r  C o lle g e  T each e rs  o f  C hem istry . These summer s tu d ie s  
c o n tin u ed  th ro u g h  1968 , when he to o k  a le a v e  o f  a b se n c e  from Alabama 
A. and M. to  f i n i s h  h i s  d o c to r a l  s t u d i e s .  D uring th e  th r e e  y e a rs  in  
r e s id e n c e ,  he  was a  N a tio n a l  S c ien ce  F o u n d a tio n  S c ie n c e  F a c u lty  F e llo w  
( 1968- 6 9 )* a  S o u th e rn  F e llo w sh ip s  Fund F e llo w  (1969~ 70), and a  Ford 
F o u n d a tio n  F e llo w  (1 9 7 0 -7 1 ) . He i s  a  member o f A lpha  P h i A lpha F ra ­
t e r n i t y ,  I n c . ,  B eta  Kappa C hi N a tio n a l  S c i e n t i f i c  H onorary  S o c ie ty ,  The 
Am erican C hem ical S o c ie ty ,  and The S o c ie ty  o f  Sigma X i.
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